te*t 
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QjgUI _ uhillg ugiollg nnlnill sUbgll iml\nl l Uqjjui ojj^iii oiaLoJ uif aluilui 

1990 . 1923 ^IjjmJI i^jLia JUs-l L-3lj_«iL> 1978 jjLb ^ Slmlmtl cjjjl^ 







♦ * 



&**§ <**§§J :<dJL£l 




7 


JLl^-4-IJ 4-ajJLa 


23 


:JjVl J^UI 


41 




81 




III 




147 


j^j;' 1 j»1j3^1j j^sJI A^JUjiJI 


163 




I7S 




193 


J^u/^fl L-LflHI J3-lj 


201 




219 


-1 lixaJI 1 _ y 2 oJuu^jt 



agJunll 
aganll 
«g£uJI 



237 



251 



257 






jjlo i ii ( _ ;r 3 i_iJJll 



agJunll 
«gaiJI 
agwJI 



jLsoVI ^pajjLj 3_lJLjJI 3_lLL«JI i_ij_>JI J^Li. \ ;n""j ^"S!i" 

jl . . (J oJL*_a j-^ jLoj J-jLa * )ij^>- (j-J! ^-iLt^j ' nil 

2jjl iAJI oJjLjlI! (j_c ^_J/lJJ! jLojJJ ^LbVb 

S^LaVI <j-a (jUVl I^j«-UjJ 3j_ojI!j <L3jj^>J.I (_P=jVl 

(^-3 J J lr~l L>J,l (j-^J ,_Jj_2J!j (jjJ.1 ^ ''-J-ij^' i>° 

(j_a SjLa^U (jr-JJ-J (^H-^ CjL)Ij-j_>JI (j-oj (Jj-L>J! 
U^~ utjljjl i_!j->JI i."i« Jaj (jl Lo (jSJj • L^-«^>J 
' a u La r^_LaJ( 4_j_a^j2Jl j' p*" 2 1 x-jjl i iia CjljU 
(jlipUJI Jlj3-Vl J& ^tnt-it l ( j-0(j^J---f"^J 

SjLLkJI jl (jjjij miU (jjjLJI *Ijj2 (j^l i nil «l_Lu I j-jj 

j ,>. ^ VI ( - , iSi /^-^-Ii ^J "Jj ' * L?"*^' taJuLJ ^ ' rt 

..(j^LjLJIj 

J-jlji (j-o (jl j-laJjJ i " i ii It, I i_j_jjJL!I (ji j-J-C 

* )j-_>J1 ■ i ^*~ Lu_ojj (—5 4_i£.^JiJ1 j' i*~ VI ^-jjl i ii^ 

. . JLj J_>J1 /j-SgAll ^JS^SJj JLt-aj-o *Lu (jiJ 3j-tluLua 
J aj J-jISj -ila -I j*.'»VI Jjuj Pulkovo Observatory 

cLtjIu (—5 AJe-LgaJI (-SJLill (—iLjj-LfiJl JLt-aj-LI pj)j-*li»a 
C^kh^ -^J- J^l f,^ 1 c^- ^J-fJ- 1 " S ^£«- 

.jLa^JLl j_L^>- J-i^5j-a ( _ ;r 3 (4-i^jj 200 *G lj_o j_Li3j) v[ij 

Ij al ». Hale Telescope, Mt Palomar Observatory cri^ 1 j±*j 



iiMli 2ljI!UI 4JLUJI ijj^J! tiijLtJj «L^J! juu t>n<lritlj 4UL1J! JLud^V 

0_L&!}l <Lc^ 1 11 1 4_l£jj-«2I SjL^tUll CjuV^aJl CjJLliIu tiU!i Jjlj aj . .CjI^o-u-u 

Kitt Peak National Observatory . . . LJjjjjI j^a (^iLjJI o_£ 3-aJs .J^-aj-o r«-!L«-11 

(jjgaj-uJI jUoV! ^ 4-Lo JJaL LuUajjj ^yfl dliilLi aL*I&VI ,jSLj «Jj 

(J-GjjjuI ^-t-sj <j-« ijj-ui (jLS LuLLajj-j f-i-aj (jl <j-« (Q-Cj-Ju iSjL^tUll CjL- z^Jlj 

J S a. j mJ_jj.}!jJ! dJLLiJI (jljU-o cr^ (*^l*JI *j''*Kl;.' OJsLfl JLai , jj vl , y,al 
JJ ^ ' lLLjLj (Jjjs^j*. J_t-aj-_a jj^ijx jj-a «baL& d ^J ' - ' JJ " L-Ajl <alf 

w Sj ''^ Jl jl ^j-i^ijJI liliiJLi aL*1aVI dili LuLLajjj c^4£.Jj Jodrell Bank 

w -U ' * 1 '-^J-- a P JJ '"' d li-jl i <frj J_JJL>J1 (jj^_u Jj^ttj-ul » ) L^J-* a CjI i 11 lL3 

. cLt-a^j I 50 4j Ij-a j la£ ii-Jj**< i"i a (—1 Ij^j-u I 

3j^lr SJLajj 3j| (j-a ^JLC mJ| ' " 1 -» a 1 aj liLa ..3jgUtl O 1 jj uiiX I (jlr-jUJLjJI 
1 Lta-L^aigjq I j^Q L-u^ i n-g-o l£V3* JL>o (jl JlSJJJ (j»o (jLJ3 (JJ JUl tillj £jja 4-i*Laj t nl 

«:lj_^ 1 jujl^JI liHi llj 5_ujSLII «Lj3_iiJ! <jj.jLu3 ^ 3juju>JI c^LaLii^MJ 

2fc^\l llj,-,l 1 *l r.A\ ^J Sj MniaSjulf a] 3oaej3j^IaJclll3ejVI oJL&OJl^l 

:4j^ij < - * I aHaJLq (j_« t."<* m a I g" it> z 1 IjLA (Jli-a 
jJaJu I (j-« Ojuuaj jj^>^^ sboLxll i LXtaHJLq t_£iBj (jl J_La (jL_aj 2 1 (j| : Jf^VI 

ji^j .. LaJajLoj L^lj-o LiutjLLo »l ^ i ntl (ji 4jjJo1_Li (Jj^*j j-*j o^j^' c^i 

^J j 1 9 4_J^S *_a ^i-JJ jcHj C^jIS »l <a i nil fiQxSlj-aj «OjLALitA aJ^jla ^ji j^aljj 
JU£. ijj joi^. Jjl I'lliill j«Jx. (jl£ (jl I jut 4j*jjJ (j^ (j^J •••lU^' Ct 3 J-"-*J' 
jjLSLo tilLoil (jl^J VI ( _ ;r xi3m ^ fl j I Ltaa. (&2j j«J 4Ji Jajdj Jj V .(jL^uVI 

(—J-U-LJJ (J S Ui-J LJjLLa-Lj 4jjl <i I ii 11 CJUU Jjl )t_U3J>. O-USJJLJ Lai . . I g-t£ JjL-i 

fiLaJLaX. JUX. ^J^*-]' <L^seJj ^JUl a! o**i iti 2i 1 jj-ujJj . (."i mi jt_ua1^-a /^J tc-UsIj 

(^jJJJI 3 ui itjJIj Al_*i&VI dlljd IjIj^LjI VI 5ibju>JI iuiL«J! SjLbjJI 

.(jL-UjVI Jt-O I ill 1 

(j-U-LaJtj »l nUtl (_^i^. Cl^Clv o^LujI CjI_lL«x.j sLiiiflJI liliLajl (jl t^jjUJI^ 
Li_A (j-«J * 4jJLuL>.j «QA_j_LLaJ 7c_ua1j jj • ^"j i llldlj ^jj i*~ f*-^ fQ-^J JJ (JJ^J (jl 
. . g I Lca-AIl »1 olr (jjj-a ?«-« (j-\_jS_LiJl (j-a j-±& ^Jx. i-illjILilul (jl^ 
5iuJU>JI 4jSHflJI CliLtjVlj oLj/ljjJI (^i^. ,j£j_o~Vl jLsI^.1 (jl^ Luk (j-aj 
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■ "'I j 1 1 <-j i^jL^IjjJI *!j^>-I ^ -I l^AJI j>LGjI i^jLi*c (j-a SjLaVI dil j£j 

CjLoj_U (j "j j a-SJI (_^i^. <j-°j5 C^J LSj-?^' t-S^lill 3" 2 - 1 TTJ^* - <j-° J-^J-M 
aLLI (j_a »l tJaAJI -iljlj ty^£- ra-^>»-> La d)LS ' *~* *-*-^ 0"*^ d ^ "*" ' d - tJaAJI 
I J_A (j-3 4-j_«_aL>. 3j)l ^ i"i (J_<ue_j p ^ i <> » _i (ji ( _ ;r i>.-dllil I (oJ-t-i (jjJ^.} c3-i" f 

j Al^lkll <L-uljJ) (^ Jo- JUX. ' *aj"j V 4JI joJjiJI 2 < j j U ,j-o (jl :ti<JLjJ1j 
Lfcj_&l^lij (jLcujVI *LLu *U-uljJ) »l nUll J g'C" i in (jl lj»jjt-< (jl£ I jjj 4-L«axlaJl 

i La 3_ij_J (j-SLaj V 4_il i_a jjjI I j ,.,jj_iSL!l 3-LuJI j-a i^JJ! Qi^-" ixJjjj 

(jjSij J I LgJ^J-30 (jjJI (_£jO- 2 I CjLvLiI! j^C (JjjL^J (jj^JJ (jl iCjJ-jS A I dlji lr~i 

w I C 3|_L1>JI 1 J"l l_Uj/Lu/I 'j-°i (JL9^' f-^ 0^ I JJj • ^j',^^ j' ^ i * * ' *'" 

. I jl .^" , ,. rtj (^paj VI 
Cj-SJ Tj SjUjJlo. LaLal Cije-l3 d xj i nitl sQjjJa-ij (j^"i ui L)l CjLajl (j! Lo 
J5L3VI jq_A| (j_a (J_*Jj d rt j j A rt j (jaSLII ^ * j i la (-H^ Lr^ 0~* l£*^ (^ ?19-^1 
jj ' aj (j^j-uaLjjjl si aU n f-jLij I JUt /j^J • (j^SJJ (—uaLjjjl ^J-iitlJI 3jUJL>JI 
4 j (XLjj-11 -n ^ &1 a 1 1 j CjzJ>L*JU (j-\-a JUa-"i ' " a cJJ^' ^ ■!'*" OJ^zt tJ' (L^ -4-1 
jj-^ rfl J H (_£l . 4_j_L*_3 Cjl JUAuitaj j_^|^Ja (j_a **qj Jj y-ajre T u La_a ^ ^ * rt J 
(j-\£jLj iM-LuaLjjJI ^j u < n^tlj jjjj LLsj-^J I j -n L5 j I t^3-*-u (jj-a JL^-"i i u i z ^y^tlLI 1 JLA 

(o-^j Lj-Usj-s cjLJjI ajlc jl cjLijV 3_jj^tlllj ijjt\ miUj iU^ljJil (j-v^lil! 

.MjjJaJI 
JJLc uaj ^1 djuUllj LjJLa 3jj laJul iCjLvuljjJI aJJt )«-J-«^>- Cjjl J^j 
^ ^ 1 C «L_a_Ia_]l /^-I| -n ' -^ ^jl j^S-ol 4-jaLljI CjLj_u3j-iIlj 3_lLi>JI ^j-a j-±& 
i4jjjSL!I «Ljj_Li!Ll i— 3j-C ?Ljj_LflJI (j-a pJ-3 1-JuJ ^i!Lai . .(Jx3 (j^J j^Sj (oJ 3jLjJU>- 

.Cosmology (jjSLII joi^. j<u-uLj i-2j-c (_£JJI jljjl>JI diiill joi^. 

LLa_^u-t-a LLjjju AJX- aJLoj ^jt liiivl La ^_A j-t-aL»_LI JUJL>J1 pU II IjUtJ 
4_jj_<-ujJLj-3 -1 j ■ *-- « J ALalutV SjlTii ill dJJj) ( _ ;r 3 (_L*J i4_ujjl!I slj^J LuLuiJ 
? ( _ ;r J_a (jl J-j_a J-Aj dJLLaJI j«_Lc. (jl J-j_a ^^ p ^1 tl£La t_!j_«U (JjJLlkjj i^^V 
j-uJLI (j_L cL]l» uj^La ._A .j jjLLi-u^l (J^iljJ id)L>.mij d i ii itijjlj (_^D^a-«3-ijLi 

.« LiSlis ULc j\ LuLjj_i^ 1 1 jut Ljj "^ (^ njl i h'iVI (jjSLj (jl Li»~ 



^jLojj 2( 1 *-S&^ 4j3JU <-_3j-*j (j I LLlIc j^jlIj JUJL>Jl jjaSLlI ^ic (Q-^-flJ f--u>.j 

. 4j 4Il9^Lcj (jj^-1 1 1 J-A jj-a 
^ a j S ^ ^—3 jZjumjj 4j_ujj ^jL-ujVI jjJaj-o « 4ju-u | iaj 1 4ju-u LmJ 1 » (_)1dj2lJ3 
(j.u-0-JuJ 1 r«->»J (JJ-^* Jj 1 -^ H-"'^-^ 4-a-uiJ (j_a Ij-jjLus 1jLu_u LjSqS zl j-«V1 

p xAI A ^ AjLJtlmJ ^^Ul ^ l£]}Ij3}LJ 42 J _u1j_> ^ ^L-ajVl jj\£ jlsj 

cjLsL_oX1j ^j*_>J1 jcj-ALill £jufc(j-«j . .(^pDj 2I i^ji^. 7-L?=-Li L^_ajJtlu_u1j L^j-c 

.4-JjJ_11 dim 11I ^^^ 

OjLS 1 4-Jl^J L*-jjJ . .4-j-uaj 2I 4_u Jl_>JLi 4j^j9 Lkajjjj l£1j jSj L^ILu!iL>.j O^J *' 
. . 1 g j j * !i L>. j (_p=>j V I <= LiliS ^—J I 4-L(Ja Ljj 4_u.ujj Jo Luj 1 Cj 1 j 43 LLs LfuJ x_ujj>. 
ro-^>. 6-° U>^ O^ ^ ^ 0^ 4-jL-^3_cV _}1jCLoL£ L^LjjlL-oI ^pll 4j|j.itJ3 
«L<jj5t^tJ 4J3 ^Lc (^J OjSu ^jl JL) V (j\£ ^LtSU LaLlLjI ^^ILII 43LjI_L)J . ,jj\Jua 
^Jjjv) j^Paj^l 4_ujLrs_] «GjLJ 4-j-uiJu ' " ' La Uj I j^Paj^l /^J-C 4U£jj>. j^ylo^j **J-^ 
Jij_«_j La \ j C d ijU,>.fl cCx£jj>. O-JiS ^LILa j-^j_SJl 9c La - ■■ (jJ^. udj->»j La I J] 

.(4_uliL>J1 ^flMli.V tilJjj 'c^j'^ er^ ^r^ 

tjl dJJj ^ <, , miiIIj (_p=>jVl U-^j^ ^^ J-p-"< . i. a (t_jb£LJ1 JLp- 1 qui nil ^ 

(j 1^_jj>J 1 (j j J (j LS LL j . pk.« ' I jj j j f\ QJ Ljj i pk.* 1 1 3t_La_5ja «L>. L<-u.a jj-^j i>j J JlJ 
• a l-ujiLuj ^ W ♦ 1 1 * U '-^ a <L>.L-u-a LsJ-U i4_Ja_LiJl jjLs_)1 C-<Jt£La x_^a l-lluLlli 
^j-se-1 1 (J-^>* J 1 Sj^l-lSLI 1 Cj LJ lj-irt-U (J3^-J tj I /-AJ-JaJ 1 jj-a ^j LJ3 i l_Aj-Laj3 ^J-* 
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juj (_g jJI /j-ij-J /j— i-J (jL-3 i-dJi (j ^ CJ . . a j j « ua_l I CjLJl^-pJI (j-a j&ie-Ualj 
^Ljj^aJtJl (jjj (j-a Lr^' ^J-* UL^rr- [" .' ' a ' ^- J -i'-»J' ^0-3^"^ d^ 'L?-* ' 00 <L<^Jttj>. 

,jja (jjSf 3j-o i_aVT Sj M.f VI oj^ 6^ '^k-j' 6^J ('00 c_uiSLa ^1) .sLull 

JUJ_u-uj . jL^Jjj 4l2j ■ La i ■ ta Cj->«j 4l>.jl ft La -»■" (jl (j-a JU Mi I jjj . jLuiil 
^J * -^ ) ^J S-JI j-^ 'l^J-^*' ' J «-uaJ (_pajjLu 3_}Lc a Ua * ! I (jl lLLJ j 4cj-*_u (_3 

(jJJ l_La (_pajjLlJ (jl j_i V La-£ ...2l^jj«JI «.Lol (jmiUj (j-£J!£ i3-uiL>JI 

(j_a (J-3l ^ a "*~ ~»» Q^- 1 2-iLc ' Ajgj Lfl ' oajI (C^>- ty-A>3 i£>^*> 4_aL& d La.2 » 
dD!} aLajV ■ ■ ilall JUiIkjj ..<ii n-»Jl «UeJI *-J-a^>- (^l aJ-II *-3-i (jlr 4jjJLS 
/^ILseJ (jj^a-ll /^ JL>*lj f^'J^ ^'j ' 3_iLjj^ .. L$HjJ)j-aj (j-U 1 j-*IaJ 1 M-jlaLLa-a (-!£. 
Lj^Lual LLaJLi^a Jl!jj I JL&j) SjUJLC Cjl^lo^Lp J^iaj 3jUJL>- SjayO 4-j£.jl j^j 
4k: 3 U-uJI jjIfJ OjOjJI i_JaJI (jl tJSi u mjSj-ll t-u-uJI 4i«Jj (_<iSJI <_,!£. 
' . LiaJI (jl (j-iJiJ I J-^i 3j_o 100 /J-JJ^ /J-i^ C^?^ J 'j _J^ till J u^j ••• (q 
t_j_LiII f-^JJ Ij-Aj 3j_o (j^jlo jlj p i n->JI (jjj (j^-5_5 *j_o 100 L»^3> jlj JiJ3 
I i j a 4^>- i ii ial (_p (^1 (Jj-aJ (jl (»jiJ (jSLx-i (jJj 4j 4J (J^a V ■ La « i ca Cj->«j 

,(j^_l| \_uijI 4_jlaLLa_a OulS 
i(_Jjl ( _ ;r JJI_j Jj-3 2 <-La_j mi .ilj U" i nLi JI_>J,I |JL4 (^ (_, i ni^il ^- ■; i hIj 

1 <i ■>■ -v -il-ij-j (jl cjIj_Ju_>JI «_<j/j_i (jl i«Lp-VI »l <ilr (_)-q*j o|>j l-L Ls^L>- 

j-k (j-tlajj V /J-J^j ??-" (jl ' '■ ] l-^- 5 ' *— LH-^ C^ * ' ' ' tJ lLUIj • « 5j-a 4_iLa 

(j I ■■>■ 1 1 w -i Lkc (JSLut LgJ (j njl (_g I) I jj'a a I lac V Cj \j uiaJ Lfl . . Cj lj uiaJ I 
^ a±> j_p ( _ ;r 3 L-cla L^J (Jj 3 Jl>. I j 5jj^j_a ^ je i '— a (j^tjJ I j xl a J . ( L^iHj (Jjsjajj 

(JSj xjL'JJu (J-4Jtj L^jSJa I ^ Lcaj ■ i ^ ' ' aj rt < iaIajI j_uia I ^ o i -^ '"*■ alj* (J_a 

^j 5 I >■"< i ii j 9 I j| 1jU>- 5j j i S CjIj i ii -»J1 3a^ (jl Lii ' ■d" l ^l-» \ ^j^Ti-*. rt t_ ,|q 
(jLSLolj y j "All L$_o.i ^LLaj qjz i_aj|jj>ji dllj <_u i»j ...(jL^ljVI jl 3jij_ill 
(J^ (j_a S^LsVLj L^J ^- <i i nj La-a 3j_«I/Ljjj 4^- i n i^il ^1 (_gj^JI sl^JI Jjj^sj 
(j^s Jjn" i ii_i Milo (jL^ijVI LaJ;U ('/2I (jJl^s^) sl^JI (ji Ji^>.jJLl ij^sr i uSal 
^_A pU i La^ (j-us- i nS 2lj . (J_oj2_lJJ *I^jI (j-us- i iiS I (j_a /.5 (_II^>* /*-'-p 4j-mJ 

c.lU-,,„V,-,lj .^.^tl Sji(jLuJ^Uou^^Ij.32LLaJI rliiV *Ijl«JI j i ,i<jj ^ JJI 

lj_u^ j_l»j i(jl^_*J 1 1 ju» (J^- ^ .3ju>-lj 3j_ia ( _ ;r 3 (Ji^il (_j-l^. I^Xaalp J a^j (jl 

...TtJI 4jIjjIj 4jVIj 4jL*ia-aj 4Jjuaj tl iS i n_t (jL^uVI CjLS^ic (j-a 



II 



/^-Se-Se-J «LjjjJ ^jl i n 1 21 p se J- JaLujl j_£J-o 7-Ltiaj2 1 JUfc ^_p LJj^ii J-0-1 
(^-3 j_jjL1JI ^jJ] 4jI JU /ojoJI ^gJjCa JaLujVI I JJt (j!_j I gggjjLa-J (_p3j^(l 
.j_uL«Jklj (jjLjjLiLI .}Lij£.Ij CjIj^^iI > iir^j (ajjtLiil dJIj^l 

dJl—Ltj . ■ ^ 1 "i a 4ij£j (JfLoT (0^*j>- i-i!l-i-A tjljj-T-ll (JjSLj (jl 0>Lp- 4-j3 t_i£j£ 
4 1 1 nilLi (4JjSj Lojcj>.) (Jflo^l jj& (jL^LjVI (jLi vl y.<~VI jjlc (J-a^=J i_£j^ '■. ■ " " 

.4-lUsjVI 4-uibtJJ 

Jd4*ll J$£i\ (tic «f J J £ib$Atf 

^ySJ^\ _ 1 C L$_3j-*_] I S 4jJ»JJ>Jj ^Uj-Lfljl (jL) »l U II jj-« _}Jlc (J^ - ^ -1 
Cj! j 3_)jUl ^ ftjaj 1 (Jl qt~li rr L-l L^iLuLl* jj>-p» /JS, mi" I j ij*l A« j^ 4_Ll_4 
(-1^- 4jjJL9j (jl I il 12 I (C^>- *-« L ' I ilLu-ll (_£_}L*j1 jqjsoJL] (-Juljj . ^jlx. (C^>- 

4j^-Li»J.I sl_jj_<-iL!l (^ (jl iii 'iVI LgJjIjQj (^IJI 3^UI «JaS ^jl Lo^ . LgJjl JU 
Jmli n'l dl!j£j . 31aL>. (j^J^" Cr^ *- i '-° *M ^ (jj^ L?J-" jJ-^Lj <LaL>. 
(j_a 4_ijl_>JI j^_a 2l jj_a 3l all i ■■ rt tJ3^ * LuLa jl (—11 5>S AJI c-*jj-3Hj " " 3J^ '""" 

tjr J-5\ (j_UJ_o2lj J-uL«_l1 L_3^Ll>.2 1jL>> 4 I * ' g3 J 4 U ir-> 4_U^£L11 *Ljj-LflJ1 (jj£i 

LJ J_t£. TtlLu /ft-cti^ «LlLo ^-Jl i>l_L4-*-a£ jJj J-;^ ^--t^Sjl ^-jL-uj! (j_u Lloa jJli l5 

jTi-^-lLLi-uJ 1 Luj-l^s jJj . . . 3j JJJ /^>- ^3-4-1 j ^■ a ' t-H^ '^^- (^ji^-lLi 4_iLa) I 

« 8 

^.1 Us * 11 j Is a, j ^ r J|j^>. - i ^ (J_^a^t_) 1_ul5 (^j^-lLo 4_iLa) JJUul ^jjiAjlj % <\ flJI 
JJUul 1 JLA (j-aAJu ^--t-u-c-tTuJ I A UaJJ t j-La-3 Luj-l^s jJ ^J^>- 1 ^J-°J * * fj-cn^-mJl 
. . LtJj^J, ^^ji jLv *-;-)j^i i _ ? _Aj-4_u^L>. LXI i.^^r i .ill JUu c-jjLSj La ^1 LxL s> jJ 



12 



\lQlVig 6..0AA0 

j-L a\ i i n* 3 ! ^aJj i ljLi_a_a LlusjI LjjL_uj1 L_uLjJLa (^'J^ ^tP J .'**'* ' ^LJ^"J 
I * o i ■■ 9 ^ol^ . . (_j>.jsa_a_s (_£j-A^s-a (jjjLjJLa ^_A ^ jjl aIj->JI (J^. J ' *"*"- I t— dJI 
J "- x ' l—LiLa ( I j-a-ua (jj^-uifij 4j^ij sLaLalj JlsJj (_gl) 10 (^ri^. aIj_>JI 
/J ' a se i 4 _}JL*jl ^j ■■^* i tfLuj-ua idJJii (j»a 2 JU ^aJj . 4_o* jsa_a_s *LJJ^ 4_LxS iy\^- 
l_bj_U3 liLa . .^ i na i"ill a I la I II ^°i ^ » j j U j-a£ jJLi^sI 4lj£ i_sjL2j La jji^. 
LHi£^a_a^e-a «UHS » JjL-dJ La i-r^- J ' *"*"" ' lO"^' 'L)- -iJUtJl ^j ""' i I JL& *LjLij1 

*_a (J_aL*_IL] 4_jjJJ| g I Jj j -^ II J-^e-s «LAL>tjl (_3 d uloj *j-I1 JL^j IjlS_Aj 

«L_J_Al_LlLa Lr^J (J-^Lo-* f-* (J-aLaLL] ^^3^' ^W3^"^ *^CJ «LAl_>o1 (—5 d uiAj 

«:Ljj_LaJI (j-o LJLSjjLi 1_Lj T (jj i ii U JLLU (j-o Tt-ualjj 2 a Vscjuaj I j j-jSLII (_^-3 
(j_a 1 JL>- ij-J^S J-^' (j-uLjJijJ (_3 j-J-»3 j-a£. J- 4 - 1 ^^-3^' *^3r!-^' Lr- ^-^Laul 
sLj-iiJI <j^i i^l-jLUall oUoVI ^ LJL2IJLi cLajLuaJ (_gj.il (J^LlIU ^ j_JuJI 

.SjjJlII sLjj^I erll SjjUJI 

0J-A /^-I] ^ i im lULaj *l-aJ^ Jrh} - *-^ J ' *"* rt tJ3^' (J-HJ^ l£^' U' ' " 1 J Ij 
oJ^L^jj Vj^» a Ljqj •"■" L$J JLaJ (jl * _ *"*"" "J 2f (_^<-II 4iSL$JI JjSLIIj a_o^>JI 

^jSj-LkJI 3 lintl jL Jjill jij^a jjl .. jUjVIj djlal mil j-al tiJLla *u 

jl^j-JJ . .(_p3j ^l tjl 1 11 lV g| j 1 nil Ll l_i£.j_a j_al (jjSLII ^^ 3_aLtiiA SjL>.J ( _ ;r jt 
.. 4_uooiaJI CjIj i i nil ^AJ^-aj tj-*Ji-Sj (jjSJl ^J& ilSL^VjLMjd t^j-J LaJ_t£. U^oj_o J-a^/1 
^ 4Jj|jjj 4JjJj^5^j jjjpia (_p (jLi i(jjSJl »l o\c jj » i"i ^1 liili ^1 i—iuJai 
CjIjJjj/ (_Lt3 /j gj >lj (<uj ^>Lta CjJU>. Ji^ /o^aLal CjJlkj 4Jl^J j_ua L>J I Cj^jJI 
^j qjill jjHa 4JI i4_i^ (J^ ^-° J^' ' JJ * '"' J-* '-* J S ' 1*^ <j^^-^' f-^P ^ 
S^La i_3^iji.l ^jJt (jjSlil 4jjj/IjJ ^^ (jLtujV I 4j>-Ijj 3-ij» 1^1 j-j^I (jl (j-^- 

..4_oLjj_LflJI I j u3&\ .^.-^- ^^3 (jlaj^l (_^i^. 1— 3jjlj (jJ-II SjLLI (2>C OJ^' 
•.iJls^Lj CjVLv (ji^. OJ^ Sjlil (jl 3_jjL»JI «Ljj_LaJI (j-a (oJ-»J (jL^ijVI (jl 
3-jjL»JI «Ljj_LiII (oi^. (jSLa-i Jl^ j i d 1 \ 1 r>j («jljJil LiJLv La-Aj) 4ljLu/j ^j^ 

,^111 iaL-JJ ^ 4-uji^iII SmuIIj aji^l^jl Jjjllll (ji>l<i ^IjS 300 .000 A^\,„a ^ji>ill j j , nj (I) 

. 4lal£ 4 ) in j_y^ s j 1 ga II Lfcj 1 1 hi 



IS 



..Jli^LjJl L$j2iL>. (-J3 3.}LaJj «Qju ^j^> )1 ' ^^j «L?=_Ualj ^_utLLa LuLLa£,l (j_a 

3jUI (jx. l_Lu La^Lo.! • M-.v; Q5SLI! ^ 3jU! (jl Jl».j cAj^-" <«-JL*JI d^J 

4J^J- mi (_gl) l_JL«JI ^ 3_uLla (jjSLII Cr^ oljLiJLa . (jlaj^/l (_;,!£. JUJJIJ ^^J! 

'j d ' 1 1 SJjLkjII cjljLiJI i-iljl 1 ill !jjL«-o L^jL h (JjSLj dili <L*_l1Jj (Lu^$£ 

*Ljj_j_flJI J_A *Ljj_j_flJI (jr £ JLjJUa. fj-3 »j ui 'i (^1 ' fl-uiS.il I JLA (_£.ji JL3 J 

jJaj . .((j-jQj! jujui jliJ! (jx. SjL^. Loj!M-Jlj) Plasma Physics 3_usj}LJ! 

*Li^>LitJJ '"'I ^j . U"ll ( j_a .SJLC ( _ ;r 3 4_Laj^LjJI (iLjj-LflJI 4-u/lj.i (j-a »l nUtl jLsl 
f-j£ Ijj^La dri'- JL " 0' J^^W J^ J -?'^' £y*J •lSJLJ-^' r-LajjVI i_!jLatl! 3 1 1 .1 ilLi 
, - «\l , "^ . 1 1 J^jjl |a a .~..'.K\ jjia (ja.jSa.aJ I (ja-uLjj_ui]l j<ut 4_usj^LiJl «LjJ_loJ! 
,-,\l ,V..tl jj^i ^ alajJI 4-lJL«JIj aoj*-(J| (Ji-l-i 2 U>~ Tt 1 j_ji. 4£j^>JLi 3 ?U"U 
^ 5 ' La ! I (JILa (_j>.jL>. (_a_ao^>. -ia^>-J L$-Laj f*5-?-^'- J ' .! "*" 3-^'- J (3 " C"*"^ 
aojcJJI (j-a S^Ltl i— il J i ml A t 1 ea « a J t(j m i"ill ^^ (JjiiVI jl) r-LUIj 4_u^i!l 
.3 Cj^L_tia_*_a (_& La_il id nno i"iTl 7-LjjJLi l_3jju La «Lt-aLis_]j pi Lca-AJI (_JI 

(_^ S-ij^s-j-U SjLLI i~»M .'--.» ^ jj-a Ijji^ (jl J->o JilLij .4_usj)M-i!! «Ljj-loJI 

Sj—p-a 4_j_aj^Lj Cj^L_tia_*_a Ltiajt (_A l_a_l! aoj?e_u1 (j-U 3^3Lu_a (joSjl f.\ L^fl 
jl) (_£.}Lc jLij ((jajy ui a jl) (jjLLa jLc. sLaliJI ■- La i ■■ JUX. 4_t-aLis_]J A 1 a" ifr^iJ 
O-a-^o (jj^JI d ji>>j-flj| ALajjt^U SjLil Luk j_aLLaJkl Jui/I (j^ JjlIj .((J^L«ILa 
JjLi jLc. (j-a p i ii -v Ja-ij. 1 I jl 4_jl j^l i. i ffijG ( _ ;r lllj CjLuiIjjJI oJUt (j^. 
(—11 ^J < a * /^>- iLaJLLgaJb jl jj^-a-i -ijL-Jl jLiJI jLs i^jj^L-u jLij 4_aLJ «LLsL>*! 

(jSLaj ojjl>JI I jut Jilaj Stage of gravitational collapse ^jljJI jLujjVI j^La 

^j-Lt-a-ij .CjIj_>J,I ^ JU^LulII jl 4-LaJe-JI Cj^LlSill! (Jj^Sj 2jljU QaSLj (jl 
..4^JJ^5 ^J^*- Cr^ SjLjjL*. A^a^j L^J (ja£j<j (^jJI 4-tit-uJaJl sLiLaJlJI L^JI jj>. I 
Cja_aj ^JL?=_!La (jaAJl ^jLi jj t qui] /^-Aj LaJ-^"' ^^-t-a (—J! I IiaIj 1 JLAj 
' '"y*~ (^paLit-a La^_^1j-l 4_u_ajtj1 j>J_A (jlj . * J'J a"i t nLl a^oj>o Jj^ojj a ^-?° *^^ 
A^ae-ul 3^ La jJG (jjl jj_a ^Jt> aL^JI (Jjl i n**(tlj . ^£jj>. 1 LlLo* I L_tl_iJt-aj LlLo^l 

.SSaJUJLaJI 
(jlr 'j j » I I (j£. i_3^ilo-l ,j-a 3jjjJl1I SjUJLaJI j_aLLall ijjufc ^JSi La ^Ir j 
3_i!j_c. J— a^l J-JJ-J-I J^>-' ^j '^'^ ' ajxaaj (jl I ijlr ALajjt^LI SjLilj i(_paj2l 
Jl^J -(j ' njULLiLa (JLaca ^\ (jaSDI ^^ Laj^Lill 3JL>. g- 1 i ea 3. 1 J-Aj •• I J J ? «" J 
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\lQlVig 6..0AA0 

7r j . r — > 1 «l_j^_iiJI pjj^ (jjs pj^ jj»j i Magneto-hydrodynamics 2 j hmULulU 
3-j-ulj.i 3^*_ljJ 3_lJLUI 3_<J.L«JI t_ij_>JI i_Ji£. jjU'll j |jj jls o^i 'IhH^ 

^j^>~\ 4-j j * <^-» d ^»- ,%»tl 4_u^SJ1 aljj>- 2I (Jlo «L*_ulj_5 4_^aJt_t-aj < la u ) >a 
.^ *_JL) I ^ t£ ?TjL>- (3 ' """^ d i i ii mLi (JjL^JI L#jJL>. y 1 i a jj ' aJ 4-1 ^fljl t^ (_& 
4_i^aLie_ij I j , „ A i L^j^La ^jl\ <b i nitLi-SjLil jilSal I JLAj-jl I gxujL> jLLal 
. ..(_£jj>.I CjLsLLa (jJI 4_uJL>JI 4JsLLaJI Jj^^j a j j a a J i^JLsJI jLl^jVI a j j a a 
CjJLxj La ja-i aJ 4-ij» i^-> ^1 LtiS h ^JL^JI jLj^jVIj (JjL^JI i_jJL>JI I jloij 
jj_a 4_J^SLa I j i ■■! i ul ^jSs 3.}LU (jl SjjLuJ! «LjJ_loJI (j-o (oJju (j^e-ii ..SjLaU 

(_a>j) iCjL)jj-j^_jjj Cjuajj^j L^j iSl^j {jja (ja£jij 3jl>-1^j1 SjjJl (jla c^\j'^ 

4_jJLj_u Cj ljJ)j-IL£jI «\J_iJLa 4j9LLa CiLj^" i na (_J3 Lgj ila-pe ia (d i-y- i"itl 4_t^a_a 
Cj Lj jij^SLIV I oJLfli (jlj i ( L^iLjJiJS-a ^ =U^.jJJ SljJjl <li>i*i (JjLkj) i4 It i"itl 
( _ ;r 3 CjLJjij^SLJVI (jl La^ i L$j ■ La j "- ' <LaLa-C L^JlSj icj_«j»j SljjJI (J^>- Jj^ 

( Ml 5 C x_a JJJ-J I— a I j * i a I J Lca-«J *_a 3_}LtiaILa JJJU d a '**' >i 1 1 -Jliu al'i ■ n 1,1 

.SjjJI «:Ljj_j£ (^c («iju La j^i-l (^J ii!!!} (j n'Cr JJ^J La Lj-Laj icLcoJI 
p^«" (jl (J). 1 ' " U. M^LuaVL j^paj 2l /^i^. Sj^-Jl J^ L_ ^J-* -5 ^*° f*-^' o' J^- 

.. [(jny*. (jjs I Jl>- Ijj i iij Uj^>- VI (jjSu z L^j^ SjU.1 (jlj p Iji I^tv 
(^JLjjJI jLj^jVI tijJLaj LaJtJl^. LjJL>. a j j a II IjLfli j_Ju (jl I nlr (jSLIj 
L^la 4_aLi CjVjLcuj JLJL) ■ U-^l Lutj .. l_L>_ui Ua Ut-Ltaj I SjU.1 ■ La « i a '" j 
CjJU>oIj plj-S I jj' a J-«J («-! (j^ 5 * Cj-LaJLUajl (jjJI 3.}LU 4 « j J La ^^c (Jjl i n"tl 
(j-3 La-ilj I j i^a «J ujLu V CjIj jjl Cjj^jIjj LaS CjLjjjjij^JLj CjLjji^jSLIVI 
oJ_fli JiLa u-£ oJ)VX\ (jl (jjjj i^~j »l a I « II jn»i (jl .. LUajl L^cajtJ (Ji-lj 
Laj>LJI 4JL^ (^3. Vj ^J^l 43>LJI v^VUJI {ys <S\ j^k (jjS^J V ilUJI 
^ajL^ajxj '"" a-L<3 (^]i ?TJ-^ ^tjr 4 -" tj^-^* u Cr^ ^^L? C^ J, - i:> * *— ^J^- ij^ < ^ JU 'J-^0 
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l^gjuJI ugj&llg 09SJI 

..(jjSLII [^ LtjLUsj 3j!j_>J! ^jjs^^Li jl ..3j!j_>J! 3j£La LUajl (_dl_La>j 

/—J] jj-t-aj JL\5 3jlj->Jl «L>-j.} (jaSJl (j_a 3 a ( uLuj CjL>.L^i»a (_J3 JL>»J La JL i^ fl 
Lfl>JL>ij 4Sj^>JI (j£. SjLLI LJi^jIicu> (gjAlS (jjl -lS i «) Jj lull j A, .-,11 ^->-j ' 

1 i (tlj (jjjL-jJLU jj-oAjj CjL>.jJjl (j-U^La i-r^| J ' *"'**' f-^J-^ A43fcXJl ^Slj-X (_3 

(Ji-JJ (jLi LujJaj JjJU (jl I nlf (<u . L$jVL>. L-kjg.1 (^ «3.}Ltl» A£jj>. (jj£j 

(_, injULim JLj*JU l?j^j .U;.'^tlj, -iJj>JI ^j^^j^i-Vl (_£jill (jl jih-kJI (^a 

.5^uj«JI S.sU.1 4^jv 7-U^>- 7r j'CI 

. .(jLSJjj (j_ajJ1 /- a ifl ^ a rt z?-*^ (j-* cJJ^' ^-*-*Jl i-i d glajj La I tia )l iJJLLAj 
dim mLi (j-ajjLJS . . «U I * q j j a rt (j^. ' djliifcjq (jaSJl (_3 0JL>.J (j_ajjl a j j a rt (jl 
Ljj^ JiJSa . Jl>.Ij oLsol (_g!i c-jl .^.S-J ,^" , ..nj j_UaL>.j (_p=>La (j-lj jl jdal LJ 
»(. mi (JSLs . . 4£^->J I /jr*-*- 5 ^J^->J I J * • ^-*J LlLo Cj I JL>. I c_<_ujj (j-a AJ J a 1 1 I J-A 

? ( _ ;r jii (JSj ••'-^> ::t -y •— 'L/***' j-^' c^! *j^' *~ *' "J ' ""?* J* ** a ' ij- oj^-" o-^ 

«Lcj-<_u (jl (_L*_a_l 'J-aX. (J^oia 2 I ^_fl> cojjx fj-uj 2 Ij . . 4_*-a 4_Laj (J_aj»j i-d^tlj 
. . («LLa jjSI £i_ka_u) «u^>. i-d^tlj U. d 1 1 ii ilL I j 1 1 ni I Lilaj d-i-aj (J-*-* e ^J J> - 
' . . *"tl Cjju>. Jj^i JU£. j La jj (j-ajJI (jl i_ kjS i—iLjSLII I JLfli (^ ^jLoJI (_Jj_uj/J 
4lLa^Lcj (j-ajJJ 4u i nitLi ^ -i Mj j a a (^3 j_Ju (jl I i eaj I «j-LI (.^-l^J .. jjjj-uiil 
oljj jLj>.Ij CjlXjs- CjJLjs. lil ^Lljiil I La j ^ a a limits -J^*-' MJJ*" ^J^*^^ 

(j^lj-LI oa-l (jl^ (jl (_P=>a ^J (j^-Ij i j^-Ij (jl (^a 4JLjjj L44JL9 (jl i^itii i 

(j\^alj_LI 4jjj (jLb 4JlSLa ^^ CjjIj jj>. VI l_<J9ljJll La-Lu Sj_uS 3x.j_«j»j i-dj^tlj 
(j n'C < II j .O-SoJI (j-u-a_i (^ 4JLj^j V (_gl .4lSljILa (jaSLi V Jl>.I^JI CjJLaU 

tA^Cj^LMj j j i n 1 t ^'J-* La_fl>ljJ JL>.lj dtSj (-^ (juJL>. CjJL>. ^oj !il ..?t_ijt_t-a 

.(jAU^I^oILa l_a_fl>lj LX 5j j iS 
dJ 1 11 a 1 (jl dllaj V Lul 03^-" «L<j/IjJ ( _ ;r 3 I *'a vl . ^" <j^' '"'L'J* '^^ (j-°J 

(jl j« i_«jl ui II J » 1 II (ji^- I nlfj •• Lu^Lc tjJb La^ I j ,^-» Al 43.}La (j^ 4_Ll»j 

(JjL_uaJLi (Iji^*" (_5 3j_tIuLi_a j-i^.) 4J_i I (j_a 4-^a^iS-**( < ui * .J au 1 ■■ i La_i * *^ i 
O-ua^It^l (Jill CjLj_U3j-ajl (j-a ^j^^a •_ -0 ^Iujlj (jl I ulr (jl LaS . LJ 4j>*LLll 
(-xlalj^l (_usLjj r* jj_a_) *l_L) <^JjL^t_aj 3j-iIoLJL1 J-*£- 4J^ 2l ^JLA ^j^** ) JL>.| (j_a 
(ji>i LjjJI jjr ilaJti! J mlii'itl 4juLlaj diljia aIjj>-^I oJLfli djlr QaS^ D' O^ -4 - 1 ^ 

j flXAjl Cud <Jaj^ 4^-jJ 273-*_LiJ (2) 
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(jlj t_gj ]ri ! II ir x-±l\ I j_it ^1 A^jJI £| ^y roAjtJI (j! j^JJ (j! I ijlr (ji jUlL 

Cj*L>. jcj . . (—uaLjj * i^l < iiLjj LjjJaj 4_u_*_u_(j1 (-J3 4ILjjJaj ^—11 ^J-t-a^j ^"t i"i ill 

aJ-j*_j £)] ^J g i ti-Jl jj-a (j-oJ-J I jj i4_ul <■ < th j La «l^t_t-a JlSJUJ <3_iLuiJ1 * ijLjtHJl 

3Jlj_ol5 4_Luajj& I ^ ^ j La £>S_4J 2iJ i L^jI^j OtJ>o ^j i ^ *" * \ t -» rt j AljIA j , ,, A" 
3 Jlj Jl>- j_al^Ia Cjj^ia lil jl L#j 4ja\juA 3j_&LLo J^.-^J ' ""' <j>£- ^j^?^ 1 — ij V! 



3j— t-a L»_a CjL^jI (j-* L^J-?- 3 "-* (j~^ ^J"* » LLaJ ^jt jL-lAJL I jj-« «L)l /- 5 dj 
joJLc jl dJLLLlI) njLvajVI 4_«JaJ joJLc Jjl ^^Sj (q^SLI!) fj-uajji aJLsI J_y>- 

4_l!jj (_gjj! aLaj-aVI ;<-Ll4-! 5-ojJLU 0J-#J I "IN j" ' "I (jJI jj i"n (_£jji.l 3j-oj 
iJLJI aL*1aVI I J-Aj mij (jl LuSUj Vj .(jjSDI («lc iiLtjV 3-oJ.Sit.l JjjJI 

4_i_«_L«JI ,_jjL3_>JI (j^i «iji (»3j-!I j ''"_' t^j-JI t_iLlSL!l (jl ■ La -» L pUll > j""U 

g< j o \c (^jLti^. J^c ' a ' '^ ) ^, <aU )l t ■" < se ill ^jt j_A <■ m i uJl a . d d i ■■** jq_i L4-0 ^J^i 

I glc jjj Li SjjIJLo ojut (jjSi LJLo.ij 2 c I jJa Li <_jLjS_JI jIjlc.1 «LjjI 3jujl>- 

^y-a-Lc t_iLj^ ^1 I^jijvjj Vl (_^Lc (Jjj^j^cj »l a-L«JI JL>ij I jjj .i_jLjSL!I ^^3 

,_)£ (j-* OJ^ ^ ^ <_jLiSL!1 I jjt (^3 .-.I ^jl.tl'a-ljjU",^ -JjJI ^,L^ Uj 

.* iLxSJI * ib iy^>- (d«Ji 4^1 J-t-^J L« j^>*t (--A i-4_ijj 4_o_Lla_>J1 

j I » aj I (j_o 3JL»JI 0JI4J (jlsjjilj j»^J-«JI fjL)- 3 (J^ Cr^J^-" tiiiill (O-Lc-J 

I Jj'^ (J J ' ^ "^ (l)^ ' cH^' dLx^mi /^Lc c ^J-i-»- a ^ J '^HjJ TT-^"- 4 - 1 (j-° - ^" ' " " 
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. «LLa sj->*-J jl Q^SJj 0^_uj1 ^jjl ^-x^LjjJl r-jj^-JI 

i_jLlSLI! I jut (<ujl2j (jJI 1_ul3J)j LLaLsIut! jliiLa Ij-jj-o pj-Usj-U (jl^ juia 

. (jj^' (°-^- jl '*"*" fsi^ (jr^ (jH LalLaJl I qjz I i i ill (j^e-ij . • *Luj_«JI «!jJ3 (^1 

(_a (_j a '^j <_ajjj jil" i»al 4_!jui i_gJJI j_uSLI! juj^JL ju-^I q\ t_o~lj 
w I c "j j • a j j j i~ii (jl c_i^>.l L«ji i(jjjiL!l («_Lc ^3 =Cbju>JI cjLaj^l *-pj 

I o S Lfl>J—L- t -i£ i\ j ml ^—3 J-;tC 1 O-tS La Ij-uSLs . . . j^jvjjj c_t-iS LL t _Hjt^.1j-a 

d - *~J ' *^J ^ * 5>SLflJ I j^^i^Lbj ^Ljij-I j-j-*-*- 3 ^ »1 aU )l CjuLt-£U I jl^-"i a Ija j < ga 

. SsLu d j air 7"J)j-J JlS-LjI /J ■ 5j la 4_}j->»jj 

^ j j ui Va VLsj^ (j^JJ V I jut Ljjl$». (^a Lijt jt£jf (jl >»-jl LoLo-j 

La <_L^a • LJL>. I j^-N ' g^j Lju n^a-l jj-u^ 5j-lo t JLLa 4«LaJU*2J (jj»_]J-4_iJ3 t_£j»JJ 

pajJa^_4J (—jjjlII ^jLojI JUX. aLjILA 2il j-J-ij «LoJ_jj * iLxSJI 1 J_fl> (J^aS-J (J I 4_jJLL»j 

.(jlt~(niU -aJLIIj .. l<jK SLpJI Jj^Ii.ki; 4l%c (_gj aLiJi 

. . aj^*_cJI (j_a *Ll_)Lfl> J>l JuC.1 4-j£ J^e-JJ • • (^LjJV .. (jJJ-Ji J" :=e T 1 •••<jj^' 

.. J^ali-J ..(J^vL>. ^ Lllj^tjj (_fjji.2!j . . j ,~,tl 5^,j_<j, <U I j . '--. » ^ 

. . . jijJaJU I J-££- • • (_^altJl («JL«Jl I JUfc {^l (J_ai. jJl (j^ (jSLill ( _ ;r i>.J 

..^^3 jj-o ^ a ) * a 1 (2A-J /aJ La JSJ . . y i n**n /^>* ■ * J J 5 c TtlLaj ^jl c_t^t_i 

. . . 5-jjl a i nil aIjj>.2| (j^ 5^.jJILaj iLjJLii. CjLcjjjj^o ..slIjLfli J)ljX.i 

..3_uaSL!l 3jaljjil 4J J)jJl>. V p-L^j! 
. .dji'r-ij ^1 LjLp. ( _ ;r a LJ 3i^Jm diLal < mUj cjLcj_«jJI ^ i m m ^1 u-^*j 

jjjjLlSj CjI jL>.^aS . . LjJS LjLaX.L) ^-lo^J L-jlj i 1 uj . . LLul alu ^L ^jt 1 nlr 

.•(>«>!lj 4^><-aJ! 
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\lQlVig 6,0 ^AO 

..j_aLJ1 jii^ i"itl pLt-mj J) U"" (jl LJjl£L52 ?■ o i ii i (jl 1 nlr 

. . (JLj_a 2l (j_a (j-U^A-4-s "^ kJLsLxJ . . JjJLLa (C->*J g-OiiaJ jl 

..5J5L^JI - j i a 1 1 5x.j i hi j_«j (jl LJjlSLal lJ \c 

A i \ i " j«J (_gJJ! (_^J-L! (^1 J ""'"i 1 j 1 La UJ . .j^L^ijj ..jjejj (jl I gjlc 

. •jj^s jj- ^j i ii ill (j-\-*Jl 

|j_u jjj-t£. LoLa .. JjOjx }J_i (jiia-b (jl LjJLpJ •• ^ 'tj^»l I be o . » liLa 
4_J^, JjlU. (_gjj| .. 5^.jjJI iJLi . *-jlj_JI ..pi n->J,l JLj uiXI (j-o «j^>J jj i eaj (_y3 

A^j5e_Lll (j^_j «L$_iL_A (_JL»_ILj ^J j j se o 1 1 £j\ ) j i ■■ aj (_J3 LlL>0 I o j rt j 

. . «G£.j)jj . . (j^SJI cLsJa£. (j_a . . (jj lit! (j l_4-i 2 1 «^u3 0_r»o _}J_Qj 1 J_A (_p 

.. cl o i nil (^1 » LLaj I <iK ..Sj^tVI Sjjiill (j^l i m'iVI JSttl «_Uaie-jj 

..(J^l£ilLI jjj i uTillj a llaij I dJJjJ ..(jLx-ilj . ,pj i"i->. ^^ LaLx-i p 1 1 n"i i njij 

. . 3 jJL>- 4-«SL>-j . . Sjijj ( _ ;r 3 LLxJI i La j j~ (_^lll j!j-<-u5Uj 
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(I)J££ 



&%&J1 Md*£ dtlji 

4j^ i ii ttl TtJjLJ (J I (jr^ i JUJUlu ^lLuj L^jl JL>.I ^j->»jj 
*j j "- 3 'L-Aj-J JiJiJ-'U^Ia (j-a Li! JJ-JJ La ( _ ;r I^.-L^l^ 

j!j_<j/^Li «(j-Lo J23. Cosmology Q>^-!' (*-^J 

£j_ja 4Jl£ ^j^N II /J o uU c^t-i (JL^t-a J-Aj , d LgajQUUI 

. LjJ a_^- 9 I Lea all 

(<uJLl!l (jl mJVI » I taJ LaJ-Lc OuL£ 3jI JLlII illij (JjiJj 

4j^Ijjj iXfcJ ^-° J-°^ '"^iS ^ mii<>jlj !M-jJ »l ■; i nil ^1 
(jL^ i3jbSLII ^L^JVI P>1»j (j' <J^i -^y ^ ^y 

(jl Jj^J t5-Jjl mntl aIj^j-VI (^ic »l nmVl jilof JL3 
^j n o mil I ^ o i nj j j ' eaJ (—Lssjl (jLs-i z\ 4-£.Jj <— Sjjlj 

.j^OJIj 
«Lojlsj Q^jiiLJI =l^jj Lo dilju jl^uij ij\ null <_aVL 
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p i nfl J-iia <l 5-j^i ul 4_jSJ_iI1 JjL-aj^l (j»a jjjjL-ul i-r^- LjkJ^M nil p_i jl t4_i_L*_a 
(_gjj! OJ^aJI Ijjiejlj tj[a '^'a 4j^Li ^1 4_i£.ljjJI p j" * i ■■ «LajJi]| (jj Jj .^11 
lLLLU «L)1 Jlj »i a i ii II (3j-^u /^ (j-^-*-a f-^3-* (-r^ ^^^tH' l£j * '"' ' ' p—?-* ^-^ tjj^- 3 
(j I i ea j a O-Sa i—iljJLal dJJj ( _ ;r J_«_a (jL£ ij<u5c_Lll I JUt j j laJ LaJLutS ■ 4 i i ntl 
JoLt-a I g-Lj»t J ) la a-j-ifl-u (JLt_>J1 (jJal^aj CuSK-i (_JI Ijjuax. (Q-$-il LaS i(J_j_u1 

(j ii ■; ."ill pi » i"i , Uj ^ , ,.< i4_jSLia LIajj_»l/ L^ILajj L^jjLoc ( _ ;r a IjjlxjI tjjjsl jloj 

d ! i nil (j-a ajj ( _ ;r 3 (j 1 -*- C^?"- 1 JJ<3^ Jl i3j)JL»-a CjLsjI ( _ ;r 3 ( _ ;r 3ajll d^j-v (jyi^- 

»j;»H ' aiLm ^^ S^t£ (J^Li. 

^^-Aj Zodiac r-jj-jJI 3-S-La-La (j-\_j_«_Lj 3_L$SL!I aLs ^j^/I j j i a « j I JLLaj 
«j j i n"» una i"illj i LijI j> i_<iljSLtlj j i S 1 1 j (j ii n i"itl sua -J^j-J u? 1 -^' 3 ' 

Ijufcj lEcliptic t-Jj-j-JI Sj^lj) ^amj Ja a. ^ I r jl La ' II I jut i_iu,alla ^ 
Signs of Zodiac La-^j j Jog (^-Sl (^Jl -i 1 "^jj L$l£ »l a . nil J^s- < all; Jjl k"H 

. p-LTe-LiJ I (jjjjJa (j£. «Ua_u j 4J3j-*_a L#J9j_*j 
•» La i ■■ a (_p3j ^1 (jl (JJJJ IjjI^ jJia Cjlj_i!lj 4I3.J) (j-u La_ia SLcjJI Lai 
a I Ja-Allj 4-iSLLcJI 4j2JI ( _ ;r aj j pj ijluli JLa3 1 j 1 "JJJ (33^ ' jS ' '(J^ » I *'jj cr^^y 
CjjJtjl JL9 Ao^c-iJl ^j^** I CjLc^_aj5e-a (jl p ^U-i3e rt p^J Cjj^-t-a JL9J . (--iLgJjAjl 
J^>- JJ -*J> t^^*-"-" 0' 'jL)3 ' L»jLaJ3 sLaLal JijisJ (_g JJI^ Bootes (^IjJI JSLJu 
j_i^^l 'I j i^aJI (jlj i4cLji (j^ M.r j «_ijl ^JLa (^ Polaris w j LaAll r«^*-iJI 
i_^ljSL!l Lai ..t_ijJiJI (^ i_xjju (jl (_Lt3 a I a 1 nil pj jjj ,3j-^' <j-° 3j-^d Orion 
3JI^>- Lal_Lc.l OJl^ 1 S'a-.-.ajtl tiJJ jj ^^a iajjjLA OJl^ lJ Zl\- L yuAi*}\ Sjlj 1 nil 

.jJL^ tj^£- O-LJJ 3j^aa-a L^J ^j-ujJj tAa^E_L]1 (j\-i ci_La_u * iju 

. - ij I , * a n_dii!l (oi^. t-jjS I j ' a J CjJUiS sLaJLaJI <—^& (j-a j_uSL!l (jl t^Jj ^1 

( _ ;r lJI <_i_lSLII j j uilj .j_JoLj/2Ij cjLI£L>JI (jjjJa j^c LlJI Jj^ij ja-AjISLal 

Lujia lillj) (Jja Lalj i((jia uijJLI) (j a 1 nil (jjjj-ajlLaj t_iLj^ ^^Jt LuJI !."■! 'r^ij 
d ^A , ,.l ATI (j^ls^Lal *ljl j ^j u-ijl IaaJa 1 ■■j* «Lc^aj-u^-a 
fai^. /^ 1^ a K" jjj jjl d a ' ■■y all ^j-a l_5jjlj ^j-a (Jjljl jj-a (j-ajJLLa j-jjjljj 

o^LlLI Jj^585 aLc cjju>- ^jdl (jiiai^ll iij,n<i j^HJI i. , uJj 4-JIj n'lUtl 
(j^a l«j^>- oju>.^3 Angular Diameter (_gjljJI j.m ui tl j_La2 (J^LlSj aLS La^ 

.4j>-jJ) 1 o i^-ii (_gl 77J-JI (j-a «j^>- (j^-u-u 
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lij^»g Lcy-vS i S In II pic 

' d „ 4_lSj! £j£- 4_uj-c CjLjjJaJj-jj-ujJLLa J.c.1 i na-j jul aj i nSLiI *L>*j 

^J_tit_i£ 4 1 j di3> *L^>-QJJ jLUI L#-i-a l^LH ' ) 3-<2-J ^LtS I il tr> I o i n-w L&ij-J (jL\-3 

"(J "„ Eaala i uy Jj La ' rt /^^ zULa JL>.l_uj 'J 1 ^"J (j u a mil a a^5e_J1 L^jI (_j1jJU 
(j ii a i"i I t (J_iL2_o j i all (jl .(_p3j2l 4jjj^ CjLuI ^j^j*' ( _ ;r 3-(j^Jo!>L3l J-J-aJ-J 

JkUj <<_P=j^l (J-t> <j£. j^lJ liili J^. >Lb ^MLiVLa i^iSLII L-ajm-^l jlc 

(JS i"itl Cjlj ( _ ;r J» (jjl (_paj ^La ijJLxI! «_Usjji (jL^ I 1 j a Sj-jj" 1 11 a 3iL>- Laj! J 

(jLS fa-$-a_j_&La_a jj LaJ (jt zl 4 ■ ^ * ' J~J jno uJlj Jjjj-C 2f 1 »il air jaluklj 
tJLSa (_Jjj>.2l j^c LJLui JUJJ Aa^c-Lll ^j*-*; (jl ja^jtLjILiI ( _ ;T iLjIL<-4/l J^j 4 Lulaj 

«Gjj/ ^1 lilli ( -5 i^- *Lu f^y:*-"-!! U 1 ' "*\3 • I ^j a ' Loj^j ,3jij-^' 4>J-a I j ^ . ^.j 
CjI ja Jj^l jJ-2-" (j-° s-Lc-4-u-ll ^J-? 1 ^ p-ll ' ^"^" /<uj 4 Magnitudes jl jl^I 
jJlJLJI (j_a tiUj (j_c L-^- 1 '-*-^ (J-**- 1 i-r^'J (j- 1 ^' J^-^' (j-* ' Ea 1 ualll I (jutx-Ul 

(jjJ jLSLj V ^h-II (»>==-iJI '■*'« '<>j Ji^^" <j-° jj-VI i_ajJaJ! ^j 4iiJii!l 

.(jjjLxjJI jJ-ill (_j-3 3j>j_>J,I (juiJLi 

4_jL«J, u I r lj-ji£ J-aJLtJ V 4 5-j^ mmII (j\J«J! oljJ La£ 4jaj*_cJI (jLtl (jl 
(j-UtU d i 1 nilLl jajSE_JI (jLtJ, jl jJLaj 4 Li£. 0JL*J (^l^. JL<jjjlj La J^-*2J 43 ^J^"*~ 
(^jdl (jl < a I II jl j'rVI u^ Jls-L; I JL&a 4 L £j_iiLLaJI jJ-UL (j n 1 nj S^j>J.I 
. ( j r Ii-L4X>J I 4_] LtJL (J_ujj j Ja^ f*^*-'^ I ^ jl^ J j'^ i 
(j^i Jjl jj* (^M-lLI Jj^ I 50 ^Lcl) (jj^jLt^j^flj^yi (J <UII (jK J^j 
1000 (j_o j-j--^I 1 liaj ' aju^aja ^^ V-^?^ 4jj_aLLaJI jl J^al -ij 1 iiSj (JjL>- 

(__IL>. jl JL^^I (JJjl_J_t2_a J-43J (Jj^l I J^-^ll f*-^" 1 ^^ (J-4J^>.jl U itl jJttjl 4/C_>lJ 

(JL>.j! /u /^>- 4 1 J_il_4_u (jLt-alll jc_u_h2j (_b a LLa ' 1 1 1 JLA /^j-iiJJ (jjjjLx^JI j jlHII 
(jSLaoJ 4 4-u-ul 1 n-»JI 3jU JL»i 4j^Ij^.jjoAII t-I^J 2 Ij I JU>. 4jai!l ^aSqaJl j-JaLcil 

A JJJ ' ^" tlA- 4 - 1 f 4 -? '""^^ ' (J -t-a J L?^ 3 " J^~** ^-*^' ^3-?° *— ^1 ' i'**'Sl (j-a *LaJju1 

. (jj^ uuJIj oJlill jJ-ill (^1 
j^ ' nAlj (Q-#_La 4JjL^t_a (—5 »l a i nil j^jjxt 5joj-a ^Jjj-iC^tl »l air LxgaJl <*j-ujj 
(_ySLLflj| L^_La-SI ( -5 -J-!l ' Sj) a 1 a 1 1 oJUt i.'i> i^ijIj ^jjl a 1 nil aIjj>-^(I iJIiLSj-^o 
(jl 4Ptolemaic ^..j^jIU. allaj L^jk: ^lUlj 4(4j^^Lus 140 3 i . ..) ^j-jij^.' 
t3j 5 * ^ iJl)ljL4_44^ (_5 (_paj 2I (J^>- jJ^J 3jl j i nil t 4lS1jSJlj j flJI a ^ n a i"ill 
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• jj-ajjl jj-o LJjJs 16 3j_iL_u 4jjJa_Ll1 0JUk Cu la J QaSJl j^j-a ^—A j^pDj^l ^jla 
.(_p3j2l IjLC La I J IS 4-jjl a i nil aIjj>-2I (jjj^tjj (jjjjjijllaj AUaj (^J 
dJj^elu (_g jJI jjI jJI liiiill ( _ ;r a Sj j i i r> 3jjI J (J^>- i-LIj^ejj !Hila ^i^' c_«£aSw3 
3j_a jjJU (^-1 4_u-u ^J-*^-"-"^ ^JJ^'J 'O^J *' lX^ 5 " J-*"' j' "- 1 - Cr 3 ' '^J' a j^J-° 
Lai njlsjVl Jja. ^j-uuSjil jljJLl (^ JJ^J Lajj 687 j t jj| jJI liliill J^ 

J'C i"i_i ^LSj^elLi^-^ .I a i"ittj (_p3j 2 ! (2jaj Lo ^LkJsI^JI (jLi£jSLII-jijLtax.j 3j_ajJ! 

(_p3j2l (j^j aj_<-uj_o Ja a. ^ I c (O-jLs I 1 j '" JSL! jjIjJ! LllLill ^£j_a^ ij^i-l 
pljjjlj 3 I in (j_a JJsl <_jJ3 j-jI J-ll tiLLoll (J_J3> JJJJ I «l (j ' a JSj i(j ii a i*itlj 
LaJUx. 4 1 1 n'Cf ^>>- (jLojSJI i-dj^tlj I J-$J_J I jnl-v sljILl! » * i aJ (j^j£^»JI 

oL>ol ^^ La.il i Sj j i i ea <tjjjlj) liJ^Lal ( _ ;r 3 ^LSj^elUi j i "ulj jm i"itl Lai 

I j i"ij (j! (jjja-a-iilajj (jSLal a LtaJj I I J-^JJ i L$i^ <_^I^SL1I CjL&LsoV (jji£L«-a 
t_^SLjjl 4_LSLIj i3j_j_l£ 3Jsj_] t£j^~ VI 4-jjl a i ntl aIjj>. alj t_i£ljSL!l a-Uslj^-s 

J)l Lajl Va iiiiiill plr (_ya 3-aiaIla CjLu/IjJ) 3_lL*L>JI t-J^C i_£jJ (jSLj joJ 
V O-lLS ^LiiJI I JJt ij& /a^j LaaJ_«_a (jl Jj i4_usJj(JI 3j^j>. 2I (jjjL-ul (_ji£. 4— i— it— >_>a 
<>L>u1 J_)JL»_jJ fill se i a 1 1 (—5 aj se < lu _}LlujJu_uz I ^—3 p j" "~J {j£- /TJ^^ 
4 < j i U ^1 ^LuaVLi I JUt . I jl *l ■>■ « ^a ijJ^L^i! I j < «aj *" (j-a Lbai. (<utj^u-u 
(jLnjil ^1 jo^jlSJ) L«-a iJjJJ! (^ jo^aLii. ^Lal ja^uaL>-J «^L>JI ^ ja^jLo. 
.sLj-iLajJI t_gj » i*i I L^ L^J -1 a i ill jLloJj i_A|jSL!Ij a^c-JI /^a (<uljJI j laJul 
(_gjjjjl j_iill! l£J1J>(. i j i hi (a^jtLpjV LiJU>. 4jjl a i nil a!jj>- 2! jii^l j-ail! (jLSa 
4jl3|jjj j_JuJ ^ MiitjJI jLii 4JI LaS i3j)LjjJlj (jl loH III (]^a 4^j>.jl (_y3 («Ja2Uil 
(jj^ Mir j 3_uLaj ^l^s- J^ 1 JjV 4Jl£_a ^1 <Gj)aX.j Aaja-JI (jrtJ »l a 1 ntl lJ £ 

.4Juz\£ 4-ijl a 1 11 S^jJlJ I Jj3 «JaAJ La^aJ 

I I a 1 11^ (jJj 1S1CJ 4jjLaj ^1 3jjI jJI liJJj 4_lL*L>JI ^yfl t_ij_«JI p 1 o£ J^j 
^^ ..p 1 11^ J^ ( _ ;r 3 J 1 a 1^1! j J laj Lai jl ^LaL^ Lajj L^la JS ^'»ji»ll c^ 7 ^ 
!y> sUa C.i-u.a-1! 4jj_La ^1 f- j_A Jjil I sLlLc <jj>. I aKj-al mlLi d 1 uil I JL* ^ 
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lij^»g Uu^ii i S In II pic 

(j ojiil JjLLa) (SJ-ul ^1 mSYI dJlj (^Jx. IjSlU? I jjj ir-Lu^all 
(jKdilj JUtjj ,^M ...VI j jU^-,^ Ljj^j La£i_jjj<JI JU£. diLill JU. JJa 
jj-a J— i-^l fQ-S_>J1 (C-iLcJ) O-uIuj SjuJL^JI ' - * I 3. j**' a 1 ! I frj» j rt g I d 1 >■ 1 1 ai a" <t>1 

(J1_uji Lijl! I (oSL>. 3jI Jlj JLloj . 3jj_aVJ 3J_jjJI aLjI CjJLiv Lo (OjjcuJIj u-daJl 
j—II S^JiJl jj»a 4_Ua^_L]1 dJLu OjISj td J aUtl » >J-*->l cLtia^j ^—3 (J-aLtlu jj;^" I JU 

3jjLla ^ c_i£lj J£ (^ic '3-Jjj) 3jglr 3jJ SlujjJI 3jJJI ir.Tw^i? (jl 3^>-jj) 

(«-SL>JI (jJjJ LaJLuLS . L^JLSjIj I j" . ulj ' 4-La-Ldl CjLajVJj <"»ljjU*.tl Cjjo.1 

(^Jl ,aSL>JI jJLa J2Jj o' u?b 'O^-*^!- 775-754) j j • - ' 1 1 j<™> ^jI 3-iLlL>JI 

f-^Sa-a lijUjJ jLo~L3 iCjlj_oJI j^j (_^i^. jLu VJ sLLjJLo (j-a V. JLi 3jLjJl>- d a ir^Lc 
» i^LLa «L_*_J| ^- * 1 n 1 .j alf jS^-a j-ail Jjlj La_i3 (."it i >^>t /j-iJi J>l Juu 4_u jLa 

.IsjjII 

«l_Li (^1 ' " • * " 1 1 a i«U 'Lo^j (cjUJI f JT c*7i~ ji j 1 j 1 a * 1 I 4-o-lL>JI <— 2^c JLSj 

4_JI oJLuaj L«-a 3j>l_aVI j_a dJJj> ^l J j j mtl jl£j 3_LaLi 3jalr 2 ,v> ^', 

ljJLi.1 (jJJJI «La_L»JI (j_a I j j j £ lj)JLc 4J^jv J-*^3 n^i-Vl djIjLiuJI 
(j-o (jLSj id j <i 1 <tl 4_laJl>.Vj (Lj>-ljJkl jj-a /a^jjul 0-r>o «_2j La JS Q^jijv^ij 
JiJU La_j£ i_sj_«JI *L3j^>- (O-lLfliJLijJI) d n i J LjlLxll joi^. ^^ j»Lt )tj>.j_a L^-a-Al 
^—JuC j-_lj_u_] Lj_u1j-j_] t d "( ^-J-J O-4-l (jl JUU ?r I ( O I ^jJI i( JLlAJLLuoJI) ^—11 

.jj-^J-II (j-* L)J^ ' d-LtaJ J_La * ) J-*Jl ^linjl ^1 o lr «L)JL& 

Cjl_aJJ_a 4 i ii <i ->■ 4iii>JI (^ jj* (Jj : I JU>-lj LLj^ <j-"J-! ( J-LfliJ i i nil) j 
(jj JJI t_ljj(JI »l qlttl (j-oj i J-L^JI ( _ ;r 3 LilLLlI »l qlr t^-tJ^ La Jjljl (j-° <l Lc^aALq 

^gjdl ^jlJ-oJI («_i_itlj_il iiiiiill (oJjj Ij^Lalj (jluJi j iintl) 2u^>-j_li Ij^iLa 

d I a < " i ii j t JL^j> (Jjl » * uaj aLoS JU^sjJI 3j^>.l_i 4jLl«JI ^1 I i eaj I 4joI 
".(jIsjjlJI ' t- ^-j O-SjJI ?■!" i" i iiV. i_i£ljSLtlj A^a-JI pLajjl JLjJLxjJ i_!j_«JI 
(J_a_«JI) t_iLl^ I j i flil 4_lSLLs CjLoJJjs SjLC t_tj^ La^ ■ . ' »j La i u jfl ^ a i nllj 
l_^jl (J>l».jJJi,I (_>Ajlj I j *«* JLa t(i -iV^^jta • "VI) 3 nKj (r- LaxnJ i -iV^la i ..VI ^ 
4_uLJjj «Lai£ L^jl (jj|jj>.| J^J>J '(^-'Lj OjLlJul) iLuj/jLi!l ^LaiSLII (_^C 3j)^>.La 
. ao^c-lII x-iZua ^Jt> (^GjL>JI Lll^ ^—5 (—ulIIj ' \UJ- J ' ' ) J ' ^* 
j I Ul £Lj_a_Lc ^^lx-iJ)^! ?Liul J)ljJLi ^^ (<u nJj-aLtl d kAinJ] Jl^. (_^J 
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(j I r Ij-ji-i iilLLill »l a\r jLj^ (j-a J ui3> sU3 *_*i>.lj 2 ^j^ > Sj'Cl'q 3 j j a. Lj 
3j— a jjj 2 dJJ!iJ tds o**( i ii a 4-A^aJ 4_j£_LiJI j AtAiaJI ' gu!L>J _}Lt-aj! ^J^**- i uJ 
^a (Jj- i h"j 4 j<]lr 4-2jj_Laj JL>.Jj .iLi^sj 2l lLIIj O-il^j n-iiiaJI joi^. Tt-JjLi u^ 

<_jl£. 'LujJi! 4jLi!j-a (J^J-5 (j-° ' ; ifllll I JJt 4ji^. jllal JL9j il-i * uL>Ju j j^j i"itl 
ijLgJjl sLSl OJSjJ! JU Jj-u S-ijjJa Jio! <j-o Jjf 4JI Li£ i4jSLii!l iIjLiI in-»JI 
»1 o If aJ^JU {jja LaLLu (Su< cLajj-LaJI /^-Aj 'Jj^ ^ ' ^-^- (J " Q '"'>' pt-^J' L - k - i-i2 LH 
4_i-j-LiJI J j c ^^ j j^j ui u^\^ I ' eaj I Li!Lu»j . 3_jSLLoJ 1 ja^JLtcl (^ t_ijj(JI 

LillflJI p If (^ I j » i a j er^-" Sj_ljSLII tijLaJJIIj iL^j *\1 ^pJ! cijL-uljjJI 

^—11 ^>-^j (_£Jul 4(A^e_L]l /oi^, «_^a1^>.j 4-jjl o i ntl CjISj->J1) » )L& 4_t-aLit_]j 

diiill (olc oL-ulj.} L^jic OJL*i£.! (jll! 3_oLgJ! «^>.lj_U OjvI jLi^sj 4jIjj^UI 

(2>J JUl^e-o sLUI JUc ^1 J!la t_!jj(JI diiill »l <ilr (^C JLjJLkJI *Vjjt ^ijj 
j-il^Ja (j^ 4-i^LitJJ (JV^*-*^' O^^-^^'j-" 3 J ' (j-° CJ^ lS 1 -^' '(j^l-^il (_, i njr 

.t_AljSL!l cjLJl^llalj i— a j i n-»Jl 

tj\£jLnj\ jLti Jl>-1 t /- £ j ' * ! I j^i£- {j-? jj-<i^>>jJi JU£. ^ i ii-»J1 ^_it I Lga )Ta 
4_iLl^ dilJLi J^iiJJ iaLoV! (jJI 3j<lntl 2 La^Ill SJbc^ I^jlSJ <JJ JJI VJ^"-" 
2 S_ia.it! ^L^5j^/I (jjjL^I (^^i^. d< Jaj (_gjd! (41iliJ! t_^!jSLI! jji^i) jj^j nit! 
CjLc^^-^J,! /^i^. ^ *jjj" t*- 1 M J '-*-^ ji J-ia jjjjLj^j , d a£L>iX I a^5e_lI1 jt-ual^JL 
! ^ Lgaj *t «Lu_u_Ju L^_a^_>o *-ua\^ja \\q < * *■ <^c^u5e_« ^JSj (3^-^ [^^-"J Ly^ 4_ui^t_Jl 
Ltyl a i nl ji A^ja-Ltl dJJj aL^j! 4j^ Oxil w u i a flj ,JjjU>. till j Mjj U^*.'^ 

j_uSLII i—aLual jLai i^jij-uJI (jLajjJI ^j| <_ajj_«Jk! jjSLLaJl («JL«JI Lai io^j>.^J! 

. (l_gjlj< mil (j^JLUI) 4jL^ ^ 3_jSLiiJ! sGLoyljus £yi 

p m>) (jj^-" o' Mj-*-" liLLiJI »l ^ Ir JU£. jlj! mil ^LSIcV! (jl£ Ji2J 



28 



lij^»g Lcy-vS iSlnll pic 

^—5 CjL&L-uJl 0JL& (J^>- Laj 4^^>. (—5 J^L-u «UiajLj i4_j_tlul^>. j-j aLULa ^£^j£ 
cLiijJL>. j_A m£ jjl ■ la i uflJI (J^>- 4_uLS_a 3j_)jCL*_u»a Cjlijjx t_£Jj^t!La ^4^ i«lblj_Ial 
SjLJtlLa (3.}La) £j£. 3jLt£. f.\ LgaAJI ^jl tiJUju £ja J 1 a ^jj i((_paj 21 ^£j-aj ^J^ 1 ■■ " 

^^paj^l La— Llj i j-jv 1 ^jLSLa ^—Jl «LJL£La ^ya ijj^tjj ^jl (jj.i •A_ l _ a _a_j (J^>- Jj^- 1 
g 1 1 1 c (jL£j *UL5-^' j^>*° C~^ '-^J^/* (j-ilajj Cli_ijt_] da i uaJl (—3 3js^>-j_a 

(j^LcJ! «j^>J! Lot .dJI Jul 5^jjj«II 5 ■> j i ,1 tl t_^ljSLIIj a^^LLII 4-l3 jl^-jj La 

'"'I ala. ^Ljj (jJI dJj^tlLI sj-><-II Ij a i n^J , ,U , ,.jtl ^£ u^,j*z\ ( _ ;r l^. (^jlbe-i^ 

Lai i La^jju>. ( _ ;r 3 ijJj^tlj sUSDj LtjjLajj 2 L^-Lo *LiL-tj t_<£_a£ <_p ^^""-j 

.AjjaJjl (^rl^- (_£jj->u (_^JI C>-#^ 4_LaL\]l 3j^-JI 

LJju>.jJ ((J^>-j (jyJJ j o-SJ I (j-o) ti» j i nil t_i^ljSL!L] i>j <i i .ij La ^1 LjJaj jJj 

i_<£ljSL!l (jlr (jUal diljdj 1 1 gla i uj (^ »_2j-L£j£ L&jjjIcI JLS j-(j .1 a Mill (jl 
(jUal L«_Lj_i t^uLL^JI t_£ljSL!l (SjjijJIj VjIU^j j »U|) 4Ji-ljJI 2uMiJI 

.((Jjvjj ^j " ui I , I j jjjJ.1) (^^L. 4j_ji«JI i_i^ljSL!l j<u-ul 

I j C I '*••-» J t ^jl j_& i«G_]LLll C-lS^oSJL Aa^e-Lll 4_J_a_*_uJ (_£ <■ ( I I nil JtJ>.j-)J 

i_§j^>- z\ e_*_£1j£jj La_Lu iaLVI jj)j-a_i j-jjuj z Cuu LtJajLJ L^jjaji u 4 1 1 u <IL 
^^^^ fQ_Aj . Aj^ r e— L U d 1 1 n ilL jl I Lgaj i I J Lgaji u d 1 1 nilLi *l^j_u 4jljj_*_u Cjojjx 
UJjljj 1 11L9 i LojS A^aJlI 4 j 1 nil Li dJjLaHa jj* La Ji I jj nf I -ij 1 u-SHll I JJt 
J-jJjJLj sIjjj/ »l LtaAJI ^j^ L$j£jj>. Ij 1 11 n l_t («J (04-1^1 (_paj^(l t_<£jS liJJi (j-a 
^—Lc t (il^SJI «Lc^-<5J5E_a ^—5 j S J I J jug Mill I^JLx^l La_Lu t^, aUll jl ^. 1 h"kj1 

Constellation (5_l£j£JI) p ml Aj^aJJI 3x.jJiJ^a t;r Lc i-jj-iiJI (jila? ji^j 

olij 4^>.L>.jJlj (^JiLsJIj j-J^Vl t_jjJI 5_^j£j jJL^aVl t_jjdl 4j^5^ Jla 

.£11 ..^y^l 

jLlILxl jj-O <-_)J-JlJ1 LiLLflJl !&L»1C ^_L4-l (Q-I idlLlS^S ^-Jl AJJ?E_ij1 fQ_U_o2jJ 

J^iJIj Fom Al Hout ^>>J1 rc^j Betelguese ^1j^j>Jl lL=u!j Altair jjLLiJI Jla 
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<j-u-j>j <j_> ,j_«^>.jJ! J-j-c jj_j 1( _, oULaJI j i^ull (^j Rigel J^>-jJ!j Algol 
^j n o ill n (—3^ i nS jj-oj^j ^1 J-t-^j JL9j ' vjJJJ d & „ JL>-LS (J[i L^aJL I 

JjJLlJI f-j^i-l i_g jJI Liiajl jjtj iSj^^Llo 978 aLc 3j_&L2JI w '« j i^tl i_3j i na.j 
4JU" i"il udU. ( _ ;r JL9- ( _ ;r ijj|jJiJI La I . ^jijJa ajju ^jJLlILj. 3." " ^ UJ^d liiLuj 
t_gj I r i^l (jj^LII p i h qj LiiiaJI plr (^ i_kjjLi!L> Lujla (jL£ jJi3-«LiiaJL!Li 

. (j^SJI jSj-a j^paj^/l ^j2 4J_iLaj1 ^j -j o .u La » 3j£Ls ^^^aj^Sj Cj " J '""^ 

^SjjM-ui 1543-1473) (j^^SL^jjj^ V>2^ c ,<l^tl i_J2 1543 5_L^ ^^ 
i(4jj1 ■; i ntl ^1 i ii-v^l ijljj-i) iLiLj^^^ JLa (J4-3* <_i.Sc (jlr L-ulj SjjJaJJI o jut 

(jLL alj j_iL>oV! dJLLil! »l air ^j*-*.' ^j - ^ L°J-^j • *j-UaJLi ajLu-oJI t_^ljSLII 

C-*S1^£jl x_Ual^a 1^ t i n-h.j i^jjjjSLujjjS Cj l j i ^~>J-3 I J £ u * ' ^jl i^^j-aLx ^JS mi 1 

Copernical (jjjjSLujjj^ aLLiJ (jl <LlUj<JI <Lp.Li!l ,j-o Ijju>-j <CJ£; Laj ^Ir «Lu 
i4J9.i jj LSI dilj j i" w La- « jj i (jjjjjijiLaj ALlaj (Jjj Lai JLa-"i 1 »l (_L^-<-ul System 

CjISjj>. i J^ ^-f^ 3jLu_oJI ( tSljSJl ^jl l_Laj>- j^pajILsl Ji^ ^jjjjSLuj-j^S ^jl (Q-Cj-J 

. LaLx-l «Ljj-jI^ CjIjI J_a 

j<sJ 1 1 543 j»Lc ( _ ;r i (jt^jj Lojllc (jjjjSLuj_ij£ (jl VI ijlj tj~( nLi 3j-ji^ jL-ajl 
ljuk f- ^ iiiiljj ixj^UI jnl (j^j Vju lju-oj (jjp uicj d »j i ii i£j-<-u ^j^y 

jJL^ J_2Jj . I j S j i ■■ LxjU 7t_Uajlj jj- 5 ' ;_>" 1 Atl 4jjij_o (^^c 4jj^iaj O-iLSLs 

Ijjj (jjjj o? (Sj-s^Lu 1 1 60 1 - 1 54 1 ) (^aIjj ji=jLl ^j^l jdl ^UJI JLu^V 

fn 3e i n m d j ' a 3c ui-1 ^—.aIj-j JJj JLoS jjjjjSLuj-j^S 4jj-Laj CjljjI ^—5 Lj^_o* 
(_;,!£. ( _ ;r £j-4-!lj (_Lu-i (j>jl O^ '^* a 4jSLLi!l .}Li^>j2l -1 j La '" «_o La-uj LoLsjjuI 

.JjuJI (^ic .sjjuv !>Li 4^LU 4J tzjL^ L»£ SjjiLiJI 5^LSi!l ^ Sj_u^ 3-»-j-> 
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lij^»g Lcy-vS i S In II pic 

<Ji£. (j-Jl j—Alj-i ^t_]Qj Cj*L>. 4«LujJl11 CjIjL>. 2I jj-a 4j-mLuj OjJL>. JL9j 
U^& J-jL-^ (j " i "iH ^HJ^*- Lajjjii (_£lj Oj-«-C (jjs j gig 4!iJliLll (_j-ai ilLULoJI 
i ( Lsjjjjjjj/) r«^*-<J !M-jL& IjLaJjl si a i nil u& (_^Ij (jl «Lc!j L«^ -^p^l »_L>I 4 • nflj 
jj_« fQj?E_ul I JLA JUu jj-ujJL JL>.1_3 t4jj i inll SLo. (-J3 ljL>. J-5LJ C-)JL>J1 IjL&J 
cLuj/Jii^JI 4_o~Ll!I (j-a LiLajl ^ii^lj j_jS I dj'd'q 3j^>.| <<i^ 4JI Li^ ijJLa SjLC 
.CjLajal (j-o OJSj (_gi (^ L^aljJtlj-ul JJjj-u (_£>*•' *j-d*"^ ^}l 3>^ 1 4 j <i U 1 1 j 
4_tlc JjJLUt S-J^^Luj 1576 aLc (^-3 ljLj>3 Ij 'r-'J-a er-^'j-r 1 cr-4 ^J 
a^jseJjI *_ualj_« jjjjljJlj tf^jjLt-aj JL>-1 Jl9j t(»l <a i nil i^Jtis) tfLuLAJ (/7J-AJJ I j^j) 

3_oj)M-!l cjLJl_LiII (juL^Lj. i4_u-u (jjj-»ii£. (_yl^ Jj>j 3j-° »l o i nil ( _ ;r 3 t_i^ljSLIIj 

I jut (jL£j i,_p3j2l Jj^s- JJ-*-* 4-cj_«_>J.I ojufc J^ (jlj u .1 <i i"itl J^s. jjJj 
(J3^>- c-lS1^S II JJJU Umi^ :(Jjjj>- 21 ^ rt ' la III (j-u 4j^ i n" JUJL>JI ALLaJJl 
4jjJaj t. i i n~fc. 4Jtj_olj «QjLj jj^sj 2I (jl 2M ijjjj^SLuj-j^i l5'j '- ' ' "^ tj " Q '"■'' 

«L«JLc L^-ilc jlj (_j-lJ! 3 jS Lj 1 1 ^yjtljj ^iejLl cjLkjI (jLa ilju» <*Lj-ij 

jjj^c_o 4_oj^L!l 4-jSqAJI CiLiI i n-»JI j-J-ij ( _ ;r j»lj_i ^iejLj 4jjJaj duli J-il 

Vlj iojlcLjjij ^ i'qLjj (oJLc ^yJI «L>-Laj (jl£ (<u (j-«j <Q>j (JSLU V (JLo- 

Jl_j^>-jJ1 ^j^aie uJl tjljj ^Lufc t j^J ' ''* '' ^-i'J ' i n'l J-^jX.J ^jLt-ajl ^JS t."if LlIs 

^_j| Mill i( 1 630- 1 57 1) j-Ll£ (jLaj^. jj* Q^jiJI ju 4J juj ^f »jU*. ,,._. ^jj| 

l_i "tja-J O^ LoJlJ^. cULjLs SjL^a 4_Lo CjJU Ji^j d) I j i ^3 LjjJ I (jjjjJU (_gJJI 

(ji i." i liTj o^Li^sjl AjiitljjiLa ( _ ;r j*ljjJ IjlcL^o jJLs Ijlc.j h_jSIjSLII cjIjIjlo 
(jjSLII jlcIj^ u • '— "' ojIs Li^ lixLl 5jjjI^ Cj i njl SjlxuJl i_j^IjSL!I cjIjI jlo 

(j.i q Mill (jlj Elliptical 2 j -rjljlitl jl ^j aSI '» » taS ^yj* Jj ijjjjSLujjj^ JUC 
j I i£ (j^-J'j-^ <j-° Ui- 1 ^ Jj' ''- JL * O^i i(j-aflLlII J-Laill (_yJj5J [£^s>.\ Jjjo 

.^^^iJI f Lk^l jaSL^ jjl\ aiMiJI 



SI 



.jh<1 Mill £j£. 3j_L*_JI 

J^a. jJJj S-^i^ iS^ °J3^ (j-°j ti>° O' ^J^J' 4J^JLJ3 lJ J2 J-^ J^J 

. 4-jjl o i nil a1jj>*21 (^-J (J-g-*^ 4_u!iL>. Sa^ 4«aJ ^jl ■- LgaHj 

jl_«_il jj^-J 5^^L«JI ' '» ui^Li (ji suLjji/ j-Lo j-Lj^ ; - 1 1 **- j i o jj-o (jl^ ji2J 
iHarmonic ^ Valj'tl q^jLoJLj LUaj? cJlSJI Q^JLill ^ ■> . .n I Jl^Jj i4JLi (Jjv 

.(j n<i i"illj t_j^ljSLJI £f\J W> J *5^ LhH^ l -^l-' J * O' f^ljJl (^r^ LTVd >#^ 

dj^lioj 4j.iL] (j mi i"itl (J^>- SJls-IjJI 4L>.jJI » Laa ( _ ;r 3 i_j£jSLI! 4J3j i" i hj (_£ JJI 
SjILflJ Li) ^ o i ii i Lo ^_A 4 3 JLl*-J I a^?e_J 1 JL>. 1 (j^j fj-t^aj ' la3> (JL^. *-<2J d L^2 1 jjS 

S^S-dJI < Laa> iU (j-«J *tj u o Mill (J^>- L^jljl JLo ^—5 d j i n o Mill «lc^<5_>tij t til^SJ 

dltJLi Tcuajij iJ'C i"ill 4jjjI j Sjlj i nil i_<iljSLII CjljLcito (jLi 4lSLaJI 4-4-ijJLll 
O-SjJI ( _ ;r J3 i_3j|jj<_a j_A 1_«^ ^ i n <i i"i II a I la_lll 4_u-uL-u2l (juljill jaJLto 

^1 c-jj<:,Mi"tl ^jVl 3>JJ v>^ '( 1 642-1 564) ^U. ^A^ ^3 
(j-luj-uA j-jL-A j^jlJ^JI oljUaJul jt-jL-a ^1 tJ^>*jJ-Ll o-^i? " ' 609 aLc -1 1 nil 

L$>>3 d "•* ) J^J !il «Lifu-AjJ1 4HjL1j1-jqJLjlI1 ^^^ c-ijj'C nil" Jjt «_Lu3 (^ JJI j_A 
O-oj-jJj (j_u-<j_iIuJ 1 ^jl ■ 1 c ^q * 1 (^ JJI ^ . Clrttl ^j^SLuj-i^S Ai-Iia-J ^-« <: ^ >fc J-I 
jJJlJ jLj_3t ^Ljuj t ^_lLJL>. t^'j J-SJ . 4-L<-a-^-J*uJ 1 l_Ll£.j_<jj?E_a ^£j-a ^-.A j_)1dj 2 1 

uap c_<_3lj-J tjl (j_SLol dUj_^ t4-jjl o i .ill 5_cj_<a_>JU tjr 5 j t^ag j-H' OJ^ 
ijj-u^jlJI ^j-* "£>^ OJr* 1 Cf^*" SftLiJaVl (J-«IS 1 g 3>. J j g la i «b I JL>.j^ i3j_AJJl 

jJjj^ SvAVj! UoSoS j^JlJ jjL) - Lga.5 > (^JJI (j^aSLu>JaS ALlaj uxua L^Lujlj 
j_j_LJL>. cLjSHoJI CjljLALfall &JJb OjlI^I JL9j t^ .i o uul jj-o t _ 3 _uaJLl1 (-_3j-LaJ1 

. (j^^SLuj-j a£^ <l jj la *' 1 (j-u-cv^tlJ Li 
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lij-^>9 Lcy-^5 uSJLaJI pJLc 

i^JLatU 4_uLjj-LiJ1 -"^jjt^:tl ^ j^^il ( 1 727- 1 642) <jjo-ij (J^cj-uI ajls 

OjIS JL3j (AUlII 4_J_OL>Jl Q^jL3j 4£j->J1 ^J-UljJLl l_4_ll.3 (JJ^JJ fftJ-ul QJ-uLlJ 

j-^-j l-(j-Jj-^-*-I I J 4_i_u-}L_aJ1 (-r-^ LhJJ"*-" - *-^ 1 J 4luLUl £yui jj-* - *^- 1 ^^' OlaJLuul 

I j g 1 3 ♦ uaL>. L^K tj-tSI aSllI 4^j->- (jlj i^_uJl_>J1 (J^jLSJ 3j-iLLJLl S^c_u_J1 

£pj_U >mfl JLSj . L*_a O-3-v 4 ?*"J-^ (J""^ oli^' fr! - * 1 -^ (j - * ' _ J-^ LJ^J 
i^jUl JLicVI aJJljj ^IjIu-oVI i_k-o* J_t£. (_p=>J ^1 7-LoIijlj jj->J1j JlU L. inn I U31] 

Lq-^jJl>u ^^L^-«.t^>. j_p ^jlj (4-UoS 3aj9 4_u jL>J1 £j\ Luajl £pj_u O-ul JL9j 
f-Jj— * U-t-coJeJ Lu-uSLc (J-flJ J i ^.T *— 'J- 4 *- 3 (J -4-3 ^ f- 4 "- 1 --'J--* 3 U-u-u i-"J S^jS 

ty jJ| jj kj^aJlj SjLjjjJI JW^" 21 i ill iii'^ ijj^I t_jJ-»Jl 3j^ dul^ UK j^$l 
0J_& S^Lual i_^j*_jj 1 1 LlLc j-J^J h- 1 -^ L?J^ J-^- 4 - 1 W^ 'cP*)*l L>^W Cr^ 

t 4-LI in j II (j.3 3-jLc. 5Jl i.iU (jl J^>-JJ Jj-JI (j-IJ ilHirH l?^^-*' lhP"'j 
Oulajj. Ss Jl^-II J^du^^J L«^ L^jlm dJ 1 1 in 4jj^ o^J^" o' '-' nl J-ai 
lj_a Jj. J-«-JJ -2-J-J JL>JI j^j-o I gjlg (Jilata ij^j_LI lJ £ SjUs^lj 2 U"', j ^ 
^a_2lJ (^oj^/I ■- La i ■■ ^^ 1 c «Lj_)!iL>JI i^j^S Jsajj-j (jl «L)lS_aLi ^- 1 1 ga I (J_al£jlj1 
.(_£jj>.2l <Lul LtaAll aI i ii-v ^1 (^JaLij 'J 1 SJIj o^J^*' l^V 4ajL2JI t_iJL>JI 
(Jj_t-a ^1 a\ <i 1 11 * iLiS (_5 1 687 ^Lc fiOL^j) (j3^_u Jjjtj_u1 > j i nil j-<~j-s j^j 
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S-L»gjJaJI 3 liinlrilt Sji^Lj^JI Jji^i^/I jl Principia 



j^JJ J.Ua.oJLi <jjJj itiiiaJI plr L^Xaj SiujUsJI ajUII <■ ilr I jl dJLi V 

a^LJLi 4jJj (_^j! i^jdl .(jjj until oj-^l 5-^^ (1955 -1879) irfnVnl cjjjJI 
oJajJI ^^ '"'j 3^ w " tl 3j gUtl -IjVI >laj>?i al uu^l ^Jl iSIsejJI 3 u^LpI 
(j-ol j_2JI (jLail (^ i." 1 1 1 n~jl (jjjl .sjju»J.I Q5^-" *jj-^° cJjus ij_LisL>JI 

(jjjLjJJ (~« x i'i-ijl L«t£ i(jJJj_Lj I j 1 ' a uiS (j^ill '^-^^f^' j'j - "' <^-'-!j- c - w 9 

,5^j_uJlj 3£jj>JIj 4^LLaJI J^Jj-o 
(jLSLLI -Sj-J-2 (j_a id j i'i-iLjj-11 4j2.}L«-a (Jj>-ij J>- :> < J ^ L^" "i Ml J^-2 (jl 

j«JJ i3 ir^iLjJl 3 j j i H it I 3jjJiJ (_yAj 1 1905 aLc 3 j j . .. ill ^c =LujjJaJ ^jl 

. 1916 aL: ^ tiili Jju 2-oUJI 3 Hinitl SjjJiJ (ji^l 

13L> jls i4j^jL>JIj 3_aL«JI d j i i nill t;J j ; jj_ksj (jl t_<jj Vj 



(jLSLs i^JJIj (jLSHIj 3 l"<tlj 32LLJlj 3£^>Jlj S^UI t>u lalajjj njjSLU 
.Q^SLil iiuju»JI a j j a 1 1 ^Ir j-j^^1 jjjQJI I -i j* 
d j i mill (_yi iGLjjJajj d j i *i-> LjjJ I A~.'n , ,,1'a c.j . ^j jj| ^"i uixjl c-I U* , ..lj 
jjlSLLIj (j-ojJJ Jya-J 2 4JI jjJsj i4_ujj_>iJ Cj VjLjlaj <j-\-]ljJL 3-oIjl!Ij 4-i^jL>JI 
-(^Loj J "->" a VI 4_j-3 Laj 4_Li Jij^v^JI Laj 'tjlj.' i m La-a> l-^Jlj D -1 * ' " 1 1 
jj* 4jujVI jLljVI o jut (jjLu/Ij i .}L*jI 3jljj I ji Spacetime Continuum ^K-a 
jusj .3_3_aj_t-U 3J&LU1 4_lJLSUI jLuVl ^1 a^L^VL. «j(j juu <>ajJI 0^ 

j_fl>1j_ka_J1 j] Ci i i*itj i(j^SJl (j£. 4_u_ulJ1 3j£Ls /_aultj ^*i i~iii it ^AJ'J^ Cj^Lv 

. «Qj u 4_j_ua Ljj (j\j l^aj » LcaieJ L^IS 4_u^SJ 1 
»l ■ V»^tl JSLi j_Jlj S^LLI ^>-J (jl J-A i5^L«JI d j 1 1 nill SjjJaj j_Ajj>. (Jj«Jj 
4jj/j_i^JI (jjs Curvature f\ - ^— A T1 ( j J ,j^i ^ j j ^ " L-^-i « J-JI (_^-3j ijjjjj^Hj 4Jjutjj 

(jl£j ■ (j-be-U I JaiJI Jj pj''" i "1 1 Jajjl 3j£Laj JL>-G V (jH-ll jt-»-l2l SjjLkILo 
j I U 1 1 r I . "^ A II Sj^La J^-&i d~\ 4jloL»JI ^ jj i nill 4jjJaj ^a (jO mi'm! (jy^ 
jjt Lo ^1 dlli jjL>o S^LtJI dj 1 1 nill ( _ ;r 3j , ^j ,'^.tl d<j iU ( _ ;r l^. i_2jji1j (jSLl 
I Lug-S^a VLa-o L*jI^ ,_5_Lje_j f.\ < v»Atl ^^a 3^m Jl^>-J (jl Ji^.V JUlS i JjljI 
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lij^»9 Lcy-vS i S In II pic 

ujS Cjlj_iilll (»jLSj SjUI (Jj«^=j (_g J-II (_gl-Inertia ^1 jdl jj^aJLlI jl 5_uiL*JJ 

.JSLAJI SjjLUa-u oljljLa L$J SjijLUI 3/«l ,-^All ->| ,,,-vVl 
J_>tj f_j i ii i ^jLS-Ll ^jl i4_t-al_>J1 d j 1 1 ii ftl d ^ Jajul ^—5 ^"i mi i it (J^JLj 
Luuj i I ^ i tid * (J-^-^* Jj^ Ly^3 ^ J '^J^* ' ^J^' T "' f-* ^J— t -* J "J2( ^j^SJl 
(_p=>j 2 I *-« (j 'i <i uu\ QJuj t^ n tj Mill (J^>> JJ^J Lz^3 d ' "" ' lP^J^ f-*° t -^>- t ^ J 

^. ( I Ml 3^J V UlJ\_3&j3 ^^^ (J-JJ ^ I I H MU J J I ill d * I il"ill ( til^Sjl 4_jJL]j 

I '< i .1 g uij I ^ ■ nAJ Jj^ jj Ci-(_gjj>.VI oljjJ,l^-LujL^a(jL3 L*jIjj (Milky Way 



(j-ojJ! jjjjLlS Ljjiji lil LljLj (j\~ ui iji JLJs i,j-ojJ! 3 j 1 1 ii 'i ^Ir JjJjGilj 

i (2yl fl-llje " (2r*-^>^ (j-^ (ly^-i-Q-Je-ui lii! JU LlfllSj i<Luj£ 4j.jL>. ^1 2 i . nilLi 
(J^jLlS CjIjjI jj-ujij LajL^-**u nl ljl iy^>- ' & 3 u ~- rt ^A J '-*j Q^^ - ' u-i ( ii I o j > 1 fl 



J5 



?I^9jwJI t-j^AoJIg qjjSJI 




sj>- 2i «_uoajfl ^jja 







U "J ^J Atlij ttSj^JS-tlu 
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lij^»9 Lcy-vS i S In II pic 





jVj-k^l :(4)J<Li 
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d^gjuJI u-iji&JIg 09^*" 




i 

i 

3 
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lij^»9 Lcy-vS iSlnll pic 




(6)JS-i 




4^e_&oILa 4^9 LLa A Lai I i ' taj '" JjLJl j-JaSJl jLiiJl ^j^ 5_llit_i_u iy-&J ,j* L^jJI <j-u 1) *«J Jlj-u : (7)tJS r"i 
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' ' J "*" ^* J „ "" ' g.Lq-i-uJl c_<_3j— J ^jL_uJ2lj (^-Lt-uJI 

pi ,„ iVI Lg_> p La ^jJI j^JjVl oVjL»JLl ^Jl 
. oa^l! jujl»HJ d L ( nj jl -n *j 5jS »1 i nil a! jl^-**k 11 z 

plj_ij>.lj i4 j S, LaJl aj_L«JI aJlJLj J-«-j (j-SL!j 

cj1ju>*^j1 ^—Jl » 1 Lali 1 (jl ^jL-uj^iJ j^A- ' i( i^n i u)Hj| 

a!j^>-1 u, j'a Nebulae (/o_jL> m tl jl) aj mil Lol 
(2xu!>m-i Lujx. j jl2j (JS, i"itl 4_uLajji i515L* 4jj1 <i in 

dllij iSjjl>JLI (jr^jtJLi L>la JjlSlI VI ,_£jj V LUSL! 
r- 1 LgaAll ^-JS ?tjL_u jj>. VI ^j>>* .tlj jftIL»_a L^_Lgaju (j 21 
M-* 1_A > a_) J ta "i i im d Lj-uaJi 1 ^q_j 1 J > n 1 la 1 jia i nl 1 
/<i_jL< 1 11 II CjIjJLS 1 I j I Lsejj (_^jJI j»^*-iJI CjLcL«jI/I 
gLul i"i a CjL>.j_a ^-3 4-Ci * mi! Jljjlj jcj g j ' ga 1 1 ^j V< .y 

.J^JI 



II 



^j-ujj t<bjl <i i nil a1jj>-21 ^ya d An->. rt pl^a-il /y^. (/C-iJU_u) ^j_u1 J^lliaj JL9j 
CjljLc. ^ya ^j^oSlij 4jjLc /c_il JU_u ' **> *jQ t /jj I t-Lcaj I l_Aj_^iia_a u^oj-u «L]Lluj Lg-Lu 
mJjUjjo - 1 t^aj u 4-dlaJLa (_y3 ;»Ltaj ^Li 3j iVua LJLc (_^-Aj 4iitl>JI ^^ 4jLc 
(^-3 (_gl 5_j^a_o /a-jl J i nil 0JL4 UJ^ ^-° ^P^_9 'M^^' (J-° lP^-* -^^^ (j-^ 

jj_a (jj^Llj (Jj^fl pjjJLfl i4-u£j£ jl 4-aIU-o jl SjjLc. (<ul JU-u Lai (^^J • Lg-Lo 

(j^LoVl uJ°i j-^jJLa 5_*i«II *uljJI Lot iIjl>. 43L&LH 4iJ^ 4j)Lc i^Loj^. 
(jJoLiil (^1 3 1 1 n I ILi ajjcJJI jjlc I goa (_L3j (_^ll! j! j»j^*-Ll! (j-o 3-jJLiJI 

jij_a ( _ ;r 3 Jl>.jjj *j ■»■ A" 1 1 ^^ajjl j^&i 4_u£jSL!I *ul JuJI (_yJ3j • L$J a k-^i-*. 1 1 
I J-^J 'GiSLil SjLtl jLs cliill »l air jlSjju^ i3jlj_>Jl jujL<i< ro-? 1 - 1 I j i " * " 
. Lgjljjj «Lul *j a flj II Ajja-JI I j " * 1 U i ( _ ;r ll! 3.}LU ^jJt i(<uljuJI (j-a pj-i-ll 
icQ^Li. I j X tj 3j>j_iLo 3j_u^ ajjo (_^Lc MgjIbeTi^ i<tj^j*-o^LJI /ojljU^JI Lol 
(_gl 3ljj (J^>- JJ^-J Lgj u ^ J <""j 'j-^J La^Lli-l (<ul JUjJI lillj (JlS >"> T i_iJliiejj 
jJLuj iA^j?E_u1 jj-* cJ3^-^ L$_Lo 4_o*jL>J1 *1jj>* 2l (jl JLu i^-^jso j-;tc j^)-o 

. L&J^laj .^JS CjL3jL>. (Jli-OJ (C-lljU-ujI L$J j j'^" C^ d ^ ' "*" JJ ' gaJl lLLLJ (jl 

JL£ <uJ i ii II ( _ ;r 3 4-La-5j 4jL3 liilj ^-oj id'C , nL«CLa 4^j^>- 4jjI/ ( _ ;r 3 4_uL\II ^i 

Jt_J>-J-JJ i^j-Sj—a U-5-** ^LLoLS 3jJ^ fOjUj j^J\ \ I nil jj-* tlA- 1 ^-* d * La3 * (—11 r"LL>iJ 

.ajIjluJI 4j J_ujIj (^jJI JSLgJI («J*->JI (j-IJ tdli 
J^Laj j mi" i" jjjkj t(j ^k.tl (jjSDI CjI jus-j w j'a Galaxies CjIj_>J,I Lol 

jj^>JI I gjic ^ ' J C 1 -^ 0"°J JiJJL^e-o^LII (^jSLII - I < V» ^ 1 1 (j^ 4^j_iLa «ljj>.| j_ya 

/C_llj_J_u (j-* ^Ljjl I ii II aIj-J>-2I £_yC t j\j'^\X\ L_3 2ll £_yC ^J^oSlij /^-Aj . 4_JJ^SJ1 

^J^js^ I ^ *>. * < Jj^ At — ) 'j J Lr*-^ J^^J J - J ^Lu JUsj ( (il^oSj a^_>oj 

^—-A Cjlj—^mj . A N t nLalLa d ^^ 3jL>.J LgLtaelLfl 4_u!il_>JI I g La ivSfl '^J^* ' 

t a I La-j 'I i ■- 1 Lca-dJI ^--5 CjIj-^JLI pj^JJ ^ij • Lffcj-iLiLaj ..A^?c_iJl JL^o-o ^jL\_a 
«Lc^a_a_>Jj Loj d A I" ^ rt ^Jl S m,1 ^_^ j mi "i n /^j-Aj Jij i"ix ^^ Jl>.jj i_c_i|j 
V I njjj^-^ll 4jjI n i nil L^oljj>-l (JiJ i L»jLi^Ij I jJ^J^J L^o^5c_Ll ^ j i ii n i"itl 
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Lt»-I_p «^>-Ijjj L$Ji ^1 (j^jjtJLjj (Jj ijjSLJI c^?^ ^JJJ-j -sl-ij^ ' I ■J-** °j-±S 



(J^li. ^Jjjcj g> . %> A tl £^a j-g-JI d j uiJ La LJ Ij-J .-I a i nil ^\ LulI LaJ lil 

d 5 ^ 9 S c\_ ljj t'r^i JaJiJ jj_a (jjSjj 0UJL>.jJ i la ' 1 1 I ' 5 9 S 1 jlj 4 LoJLLa s I LgaAJI 

,_jjjJaJLj i—Sjjij Lo I JUtj ,cl a 1 nil J_j^ ^^ JiUx-a w •'■*>* jLtC. 'L-Lu* (j^Lc JJ-p 
l_LLcj_a^*_a (_gjJL>J ^pJI 3j-><JU (.^-Aj Milky Way q\ <"\\ <3j>1= j\ ^ nltl 

.jjs-I (0->>J ((j^jla i_iJi) Q5jij 130 ^l^jv ^j]\ iisLiJaVLl dj 1 nn i"ill 
Q-a (JjL^JI E-aJeTjl IjLA ( _ ;r 3 p I ''<"*! d< 1 n"tl l_ilbljSLII ( _ ;T JsL]J (j 11 a i"ill ^1 

J_JLaj j-^J-t' | f U " '" cAl) - ^" j' U-^3^ O^S^ J^-"< cr^ '-H> : ? J1 J 'fj^?-^' 
4 \ a t-uj i«L_u^_tJ3 «Lu_u L-flJi «LiLa ^—Jl^x gj la.9 *-Luj (_2fd^L>J1 JU£. i £J i nil 

.(j^laU-JI 3_o-LJ (^JJ i^J^jJ.! «jli!l I jut ^ 

4 i 1 n i_ij| <j\j^Ljj 4j^Lj ^l^aa* 3iLvuji (j^ ^ J ' " n '"'^ 3-Cj-a->J.I f-2jj 
( _ ;r lij JU£. (_gl (jjjJjJI jl l_J^lll pjil J^>-l (^ Sj_>J,l j^J-a (j-a 4-LJajJa 
J>Li~ IjLa 4ijieli ^jJI u^iJbjll JaiJI dili ^Iz. i«j^>J.I 4^Ls- (^Jl jjjJaJI 

.jLi_>Jl ^yS^2u\ 1j_A 

j-a2l J i^-j^SJl jLiJl (. i>inl ^(J-a LujL?e_a jSj»aj Lul£La ^A- 1 P LgaAlt Q 

1 " « 1 ij«./.i ( )^jli-a j-al L^-a-jS^jj Luj^?E-a ^J\ ni 4^j-»-a LuJjL»-a ^Jjl^sj ^ jjl 

l_Lii r-l "1 i" 1 11I i«Lxj>-jL>. Cjlj^*_a cbj/ljJLi nilLaJI »l nUl j^SLal j^jSLlj • 4-a^>- 
• a ■ J ' a I j a> ^-^ L^-ji 111" 4 L^J -n J**' 1 '-'j N i."i> (Xjt 4_j_J^J 3j^?e-a ^—5 ^"m* 1 

..x^Vi 2uJ>m v^ij^ai 

.(3ji*yi 
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>Ij>9-ujJI u-iji&JIg 09SJI 

jj-o (_)-aj-3 jj-C 5jl i C l_Ljj-j?E-a (jl /j-A I ga» ■'*'*' i ■■' (j£-al (yJ-JI *JJ ' a J 
n—aljJa^l JLcC i—kjjjej j^jJil ( _ ;r 3 dJLuaj-u i^jSLII jLiJIj jLiilLi Jajiie-o ajj*_JI 
CjL*_<j_>»j jj-a «L)jSLa Luj-Sj /)S Mill 4jJ)j^ 4Jl_A JL>.jj ^JjL^jI (^j-ajJLJI I J_& (J^>-J 

. 3_Lijj_L>J| fj-^' Ur^ c|jL ^ J ^ (_g JlII jLuJI (Slj-Lll) Sj^>J.I j^j-o "ilo J o~i i ,n 
(_3 4_j_]j)jJL>. pjiii «Lj^Lj jj_« ^'J-^*' J^J ' *"*" '^J"** ^Ldj^-Laj (jS»ol J^J 

<._. x i » (jLSLa JLjJU>j (j a- 1 *>j ) i aj (^yjJI CjLiajjJI (^yi^. aj^c-JI 4-<-ulj.} ^^^ 



■aJa-C I (j_o Lolj-i iL^S^Lal ( _ ;r i 4 j i ii a i"i II I_Lj£.jju*_o t_<^lj£ j_uj (jl 

il * * j c I aLoI Sj «a"i i ii a <Loj^ij LoljjJI oJUt J-^-'J J mi 1 1 1 4^j|j-«Jkl CjLoljjJI 

L^_Lu t j- a j~ < ^ * ' ""ill t iSljSJl aj-^j i— 4_1_j_i ^-j-ojjjJI jjjju ^ n <i i"i!1 L^_iB a^jj 

. 3 J^,L^i»a jlj-il J)j^?e-4-l- 1 i i Xj t 
J^. CjIjI JLa (^Jl 2 ac U-LaJI jLcJsVl (J^Ual 0' ' ^ UiLhH^-" Lf'j -^ 
^jjJI 4jj| i nil 4£Xail oju» ^^ jjL^uVI (Ji-jdJ 4n'n I jUa 3_jl ju (JiL«-! (_p=>j2l 

. (Jj^ia J_at J_La g< jlr «Laj^t_a C^JiS 
4J9.} (j-i.aatj )«-pJ (j-^ 5 " 'i-l i^^tl -r-j i ii a <Ucu-i-qJ| jLi^^I (Ji.jG (jl Laj 
r'j-ilLo Jj^*-o (_)-l3 (j-o (jli i_gj.II ^LxjjVLa i4_u£jSLII 4^j^>J| ,j\jlj^ dJSLx-a 
(2jSL<i1j (jl (J^3 ji I i a a U sLuj/Lj/2| (_]j\_i1^2JLi S^Jlj (oJI w 'I ■ V»^ll u^sjjJ\ (ji^. 

(Jj^>- t_^lj^L!l (j'jj-^ Cr^ 4-^-il mmU 43l^j^tj ^ i ii g i"ill a LlaJU I j_uiljij 
L^j^uljj Sj^ij^ijj j_g| dj-rjljlitl t_<^ljSLII diljl i m«i'^ t(j ii g i"itl . . t^j£j\\ I j i ■«■ ' 
«Lt_iIu 4-seJa-utjq j-ilj^ L»-a (Jm^SZLS t^j n o Mill (J^>- L^jIjj.3 ^-^ ^j^* ' ^- tJ (Jr! -4 - 1 
V JljvIj oLsol (j-b-^l i"i" i .il (jj^-Ljtj j» ik-ij L*j_uS jjjG L^JI (<sj iS-JJljUa 
(—11 o Mill ' i la 5 1 1 ^Ltj cUaJL (j-a L^_xJ1 LJjJajj j^paj-^ l!iL^ t(j n o Mill (J^>* j-jjl1j 



flfl 



.^^^a-aLcj c_t-Jj-£. ijS. m i «LuL>. /^i^. Jj**- 1 ^-iLSj 
(7cjjJk!- ( _p3j2l-3j_ajJI-JijLLa£.) (j no i"itl (j-o 4_ujJi]l i_i£ljSL!l jj] da a. ^ J j 

- \jtjju^2 ^j^£-~ I j" bS (j-°J ' &'"* Sjj« jll l_iS IjSUL] Cj-!jjJ9 I il («J*->J I Sj J i r a 

i«UI iiaL^jjLS ^-i'j-° 3 i .I o->- j 3_*jji drv lO* "^ i—^ljSLII iali^7-jljlu il 
OijJljv t_t£j£ jj* j SjLcLaJI ojut qc jlJuj ^^s i(j3jIj) «_<j/LlII t_<£jSL!l Lai 

lLLLj JLJJ-JJ £1 !**( 12[I (— jCj**( I ii 1 La-dJ i JJLJ 0J^C W-UiJ fQJJ M I I il 1 L- 3J I ii"S 2[l 

i. mi ill (^3 La-uiLuiillxA jl ijnm uJI JLfi.j^aJLl j»l>>-? (jrU 3-jJjVl 3JajljJI 



t_j£jS J^ j! JLo jt'' ' a uai (jl ■» LtaJI jJLs i(j m i"ill (j£. cjSIjSU! jLljI jj^j 

. (j n <i i"ill 4_o*Li (j_a 4_ul < t£lj£jl * JJ^I j'^-L >Ja-Aj I ' a > *-» * ( d * i <a jj^Ltj 

250 ^S 3j— « L_Ljj-j?E-a j-Sj-_a 03-^* M-OJ-^ lH 1 ^ d j i no i"itl l_Li£,^_<j^E-<3J 

.Cosmic Year (iLu^SLlI 3 iinll) L$-lLc j I tajj ittlm (J^jIo 

5LaJI§ ^Jt 

i(_p3j2l (_^-Lc 3Ll>JI 4cLiiiLi ^ '-** yj 1 1 Sju^iJ! djo iti^l ojut ^ n o ."ill (_L*^=j 

OJLA (j-OJ i(_p3jVI ^\ J "->"' (jylll (j ml i"itl 3JsLLl (j-O £|_UJlil d i I ii ill liJJj JJ* 

t(j n o i"i II jj-a j^paj^l I ^ I . 5j i ■■" /^jJI 3j1j->J1j p j i ga 1 1 jj_« 4-L-u^ajl dim ill 

. Llj-J 1 k tS a_4 > j i n 1 

(j no i"ill (jl I^Sjjj (jl (_Lt3 i«U^ljlla JLjj>-I (^ (JjjLJI (j-U^La (_jiLc J^J 
(j£. j-J-alj aL» (_gjl o i ii ajj>- Jj^*-o L^JI (jjjS'nj IjjLSj lAjjaJjl (_JJU>.I ( _ ;r jt 
(j n o i"ill 4-ua-Al (j^jijLiJIj (jjj'j"-'!! i-iJj^l J-2J » I LaaAI I ( _ ;r 3 aIjl>.2| (_^Lj 

jai.jJLi ijuLdl L^J Ij "I aij ^jt^.tl cUVI Lt^jl^La i3jlj_>Jlj r j . v.lt » w^< 

^LaJL^jI (jj jj LtaJL I I Jj'^ (3~^ ^-^ ^C 4 -^ ^ 1 1 nilLi I LcajQLc 1 u mi OjLS L^jI (J-a 

,((jj3l) <Uyi (.u-ul 
(jl£La JUJL>ij I $£ I Laj i ■■! dJLLiJI »l olr (jl (j-a jqj2,jJLij iljLA LLa^j (_Il>.j 
( _ ;r 3 Ijlbejj i^juaiai\j (_gjL«jSLII I $;j^j" ^\ IjIj^sjjj i Lijjjcjj ( _ ;r 3 jm i"ill 



^15 



dlllA dJIj V 4JI VI ^L^SLL (jugi^tl L$J jjjj <jl (jSUj (_pj| <2j>lc:LilJI 
. I £ulj Ja J^c * iLaJjl ' a ' -^ ^—11 r*LL>»j Sjujlc j1j-<_ul 

<_^lj^L!l ( _ ;r J9Ljj 4_j_u3jVI 3j£L!l ij'jj-^ "^j^ p " C"*"" (y* u " " '"'II j 

da al -»"'a 4lj|_fl> Sj-Sj ^ j 1 mi i"ill 3^.jju>J,I p I 1 a c I J£ i_jJ->«j ,_, jl 1 1 ^jjIjjj 
i_Lj 4JL1L3 sLcj-*_uj »l LgaAJI ^—b ?r j i tU gj u <a i"iI1j . tfjl J_« ^—3 L$_Ls ^p j j < n /^l^. 

(j-3 tiiJij 3 < in" tl ui'sljSLil l^Jja- <jj»j 'Sjl>.|jJI JLulill ^ jILo ^L£ 220 

(JjJLjj njl 1 11 iVI Lg-3j_c (j-lJI CjUsLLaJI *-j-«j>- j J "-> a (j mi i"ill jjIUjj 
'J^jjj ' a 1 1 jj-a ?r 1 < <a I /cj jj-aj i L>^ D J VI c-tS^S 3^^ 3 i_lt>«J I (Lpg^i ' "" L^l « <"il 
1_*£j^ Cr^- ">tH^ l?'- 1jS J I jj a J_3^ " ^J-*i ' (* * ' * ■' I J^l 1 ^ (J '"» '"'II <LuiljJ 

.(JjLji^JI jj" i"i_i SjLjJI 4-i^,l » i'iVI I j"al U «_il_Lo (jjs a 'I aj 1 uVlj i(_p=>jVI 

(j 11 g i"itl Jj^iij ( _ ;r lll 3j-uSL!l 3^LlJJ (J!^Li- t(j hi i"itl ^Jt-tlil jl iV*mI *l_Sl ( _ ;r 3 
JlJ*j V ' ' La 1 ualu I ^—3 (J^ua (j^_LUa 93 jt jILajnN (J^-lLs 149 ^—Jl^*. ^ysj2] {j£. 
j>jj_uj u^> SjjajJj 4-o-l><JU 3jlj_>JI (^^c (^-J-y (jl dA- 4 ^ ^* (j 1 11 i"itl «j-u3 ( _ ;r 3 

.Sjiiki Mill SJsLLaJI j>JLit (jj!j lLxLui^ ' aJuSij i^JJI (j^' 

CjL>-jJ ^^ Ll>.LoJJI CjljLiJI Cilji (J^LflHj i4ljL$JI jut i"ill 3ji (Ji-I JUj 
itiiLaJI «Uic: -1 la « a J a V^ w ^>" ^^Jl 3jjjalllj ^U,„tl ^^ 3^>-jj i_aVT 

3_jjjJJI . ~»M c I alllj cjL>.l_oj_iVI (j-c 3_>ol_J ^ 11 n ,"i,\\ 3^LIa (jLi Jj2j 

3j1j^>J1j ^J^LaHJl 3jui <■ m i n 1 t5^ <i"i i n a ^ ai a * I g-t£ ^—Iljlij /^Ijl iAj-Lo^jjjJi-i^jl 

jj^s 4jjLfli 3ji<SLi ajjI^IIj (j^-jij^^^JI i_gj ir^ir ji^>.jj '^-^>- <j-° l-^j^j- 1»^ 

tj-UjJVI (I*) 

lLUj ,j_C /y-Ti-Li a (_J_5_3 1 oJlj>-I^ 3jjJ o\ aj ,jja5JlJ (J/uLdjju»- (J/Gjli Gl a_) L^J _L*jj /^J-Il 4-tLa-tJl ^_(k 
,j_a ^LlI^ ^1 ftlj^s-VI dJCi^ (j^jj 'J-^^ jl IJ^J^ ct^^ ^J- 5 ^'j^ aL_o2jI L^Ic ffjJu (_^J-II gLtLa-tJI ,^.4! 
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Vj i)M-jL& !ju>- L»j^j_o (j-o t—ijilL (j .I « i~.ll "oLa <i3Li£ f-'-pj 'cO-* - ' ^-d^** 

j"i a j"i i i n tl (_j-Lc (2>i= Qir!-'- o^l^ 5 * (J- 5 ^ d " * ^ 0J-* (jr^ JaJLUaJI <jl JiJ 

(,*i i in 1 1 3 > i nig Mill 5JaLLaJI ^ijj jjlJI Sj^jill 3jjIj^>JI S-lUjJIj . jL>.l_aJI j-jj-1.1 



aj-LLjJI jLc. ^1 jj-^>-jlJ-*7^l jLc cki-^ Cr^ J-*^ Cj^LcLflxll ,j-a 5J. 



2 al La tl tiJJLj j_4j V I I i j " LrsoLJ <"»M c I agJI oJlgJj ij_i^>LlkJI (j-a oj-J-tS 

.aiSL^JI ^L^VI 

SJjLgJI CiljUJI Smill (Jj^J ,y> iKj^JI ujIj (j ,1 a Mill ~U,„a dlljjj 
jja , d "i *,! , ,. CjLcLfljjl ^—11 t. i it jG SjLtj*. Cjlj^oisL] (—3 L^jl a. 1 u (jLt£. J) '"'" 

.Cjljj-a^LSLII i_aVT (^JJ J-^aj 

* fl-iJl d 1 1 i n a t^j n i"i II Jj^-^ CjLoIjJjI ^j^** 1 J3^J cjLp*^ Q^* ' o>"^ 
» flail a t^ n miIu d 1 ' eaj 1 1 d ^ * j * La 1 1 3 AIaIaII J^kl (j-a ^? J**' +" c^ ^j'"0 '"'II 
4-fl-LaJLaJ 4_LaLss_a ^J-kaJ 1 ^ i i n" 4_kl.S «b^£j-a d 5 La ' rt . . _}JL^_a ?c_Ua1j (J\ m 
5y^>.L"JJ I j IC ,*. ^^.a d j i nn i"itl » fljJl jjLjjj i( _)JiaJI 4_uli (j a i ii" 3*Lxial j^l 

.j t'n. i U u ' i<i i" i l l (jjjl Cr^ 3-aljJ^ 
j-Ll£ i_iJl (jjl^s. I *j U a OJ^ '*J-° (Jj^ ^J ' "a '"'H * flj.ll jjjl-^ JU£.J 
ijILo ^Lp i_iJi 30 ^l^jx (^Jl I tbj La a ^l^j-J frj j i .J ^I^s- j j i ea c (jr^J J-*- 
jO_i d j i ii o mi cL*JL) j-jSIj »^>^a ^hS t_flJi 80 /^-ll /J-L^a-1 (jl_o* 21 ^j^** > C^J 

.-.UAj 1947 aLc JjjjI ^ i ~ 'j j La (jlII (j-A ij^L>JI ci^^JI (j,^- I j^t - ■ ■■" 

. )*_))-« vILaiLjS Qa_jij <^j>. 1 i n a 
j—II a^j Sjlla jjjj ^_albtj 1-4-iJj 3-3-u 2i 3j-L»_t-£ajl d j i n o Mill » fl-ul ^j^** 'J 
(<U SjHil 4ji^. w S j"'a i L#J j-LiS jjSI ^1 4jtfljj| J "->" La JJ£. Lai iaLjI 'Ltjjl 
d j i no Mill 4jl2_JI j-*^. (jl J->o i La i ■■j"' I /jy^J ' /j flj sgj ^jl ^—11 ^^LaSj 21 1 ^-5 1 JUj 
Q^SLj 4 j i ii a i"itl ^-fljJI (jLi ijjjy dJLLill ( _ ;r 3 OuJL>JI (_gljJlj -j$ i'i (j-a J^l 

CjzL_>J,I i>J_A 1 ■■■ '" tz^^jz] _ 1 c j ' d j ui-jJal La rt CjzL^s-aj 4_j^^t_t-£i_a 

CjVL>J,I OJL4 (jl JJLjjj i LtJl^>.J (.in n"j ^ j i na i"itl ^-flill (_Lt3 dj i inULLm 
L^J jj^-a^J Mj^'J ' ^~r f^ J - ' " "' l -^l-' J * O^H AjT ^iJ L^jI JU iLajLaj iLiirtA 
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I j j a jj-^-il 4-j^a-Lc 5_jIjj JLj-iJ! *— <-u!_j t_uL^ <_o]l i^-LAa cjIjJj-u jlLo 

(j_« jj>* t fQ->tJ * )J^a' ifiUljjJl £JLA (-r^a . (j u <a uJl d * ml jj-* ^ J *> :> " L)^- 3 '(^jIaJI 

JiJSj i I j J Si a S ijJ^Lai w I C J_j| I j'" t_!j_aJLl OjjIJ-AJJ dj i no Mill 4cjju>JU 

ir.'ilri'iLa iL^ift^L Slcj^cjsJJ^jjSjJI ^IJ-lLLi J}Li.VI ^1 ra^ill <*_loL>- oj! 

La ^jLcj-^-uJ t J-qj^ T Jl (_£ CjLLa_j_>JJ <>Lua CjljUj jug mil d l«3 l3 jj_« j^paj^l 
tgj u o mi ]\ ^_yz>jJZ Ltiajl ^"i qN ilj . JLlL>J1 jj-o ij-CLo pj-5 (_P 3 J 2(1 c-tS^S _ La£ 
w 5 1 * JL>- tj i 1 JL>. j-li_t-a f^*^* (-r^ 7* ' ' *"*_ '(J^ (j-* d q LaAJl *-JLl (jL^ m£ Jjl 
*j d S 1 1 ^^pDj^l ■- La i ■■ (33^ LIJsLn. I ^* ua U^-Ua 
(j.3 aLSLs-Li d " i " a u^,jx\l£ iljul Jj 5 sejj 2 I (J^IL>J,I (j-o 4 <^*tl oJL&j 
(jl 0_Lja_i isLaJ i nil (JSLt A^a-JI £j\j JCL4JLI f.\ LtaAIIj i(j 11 <i i"itl (J^>- LgSLia 

SJsLLaJI (j^j ,* ** '_' * -sl'J bo l c^ 'l^K)^' S—s^ <J53^ Ltjjj^s ^"1 i~n SLpJI 

.ajiii^Miii 

j-i^. «LjI 21 j-jJLt-a c-iSoS 3-Aj i 1 jj^ (_pu-*j /^Ji LJLu^ ^_a (_pDj 2I c_i£^oS 

JlJ-J (j I c I xi 1 m A^a-JI 4^L^ J2j Cj^P" (j ijltl (jjJj-LaJ! ^^ JUa-jjj i(_g^Lc 
j_»_] ^ n mi tl jj-o tiiJLLjl c-ti^Sjl 4_jl Lii i Luj^?E-a ji^o (j_a <Lfll 1 nil i JxU 
.jUayLp 12600 ^l^s. (_p3j2l ' . ■ < -j < ' j La 3 )«-Luj i3j_AjJlj 'jl La£ ( _ ;r j^j^ 
(_a^LiJI I j A^ . „ r I . "Va d mp, H t_iL^j_i Q5SL1 La <jjI/I i(_p3j2l <jj>^ (j^*- 1 -? 

4_LLflj_oJI (Jj_u^j cu_ijtj t_ii_jSLa LiLu^^>»j i«GLojL>.j «La_iLLaj ^juCij m^ Jul m£^->J1 

d ]^\ A" -» rt ^jT^";a ^j ,1 <j ,"il1 ^j_a I ^ ' 1 ."C" (.UJl 4^LLaJ1 jj-oAj i^Ltia^jl (—11 I ^ A^ , ,.j 
jl ) o"i ( 11I (-J3 <■ 1 1 1 ntl ^_A I JLAj t^ i i nil j_a /^i^. 3jlj->Jl CjL>.j^ Cj 2i JL»-a ^j gAJu 

. 1 1 j-»u . .. 3^ 3LpJI 
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^3 <GjLj L_iZi Lx-iL^j »_Ll3 L$j 2 i Lie JL»j L4.1I aJJt - I i a a II d nrii n (jSLIj 
a^eJjIj ^j ,iq ilitl till]} ^3 L4-1 L$J^>. ^j-a 0j-*_uLj (j^SJI JJJ-J i-4-tJJ ' g ' LcaAJI 
j ~ J " J lW-*-"J ' " I '''"Mi o' >^ 'J- ^' cLajis. Lol . LflijLjJsIj t_j£ljSLJIj 
jj^j^ L^-oj^Ja j—b i4_uLUl (Js j^uz^JuS 30 y 1 u 4x.j_*_uj pi Lea all ^—3 ?■ j i uja 

(_gjj| iPolaris ^.Ustl /«j*JJ! 4jJj (^SLxj (^JLtAJI c-Jaill oLsoLij ^j-L^JIj 
.j i>»L>JI c^s^JI ljr £ JL*AJI oL>ol (jlr (jjjLlII Jju 

a j > i tl jJ—lj La- L u ii_Llj^tlj z LcLu <3_ilS_a ^—3 w Lka^JI (Qj3e_Ln jJLuj 

i^jJI o Mill ' ■ JaJill J}^ LoLx-i 4_LuaLjjJI dU V.tl ^s w 2 jj 2 ^£3 'J- ^ ' f^'J c^ 
«L>.Lt^i»a ' d * ' <a I gIL> Luijq *JLu Sj-ci-t-a 5j-il-S ^_*_uj_l AaJ ^JS 3j-« Aa-dJ 4_tSJj 

. Luj-jj ji^' j^^a^ 
i_kj>-lj|j_JI_J sLls. 2I (j-o j—ljSLs tja Lj3JlI| j_o (_ji^. jjjuJI sUjI.} (_p=>J ^lj 
-^ i i nil L_3 2l I (j-* (_P 3 J^' ' 7* ' " i-r^- ^— 'J '"'" H (-Jjl-CjIj^aj-aLu Jjl (JlLa «U_lL$jl 
( _ ;r Lc ij^scILa d ^jt^.ll L^iSLut (j_a «lj^>-i t_y3JLl VI Aa-JI ^31 (_gl LgJ JUlJ (<sJ 

.j-lsU-I JSLi 
( _ ;r Lc Jjlj Lx-a clSjLj/ 3Lp- jLjI i?Ljjl>JI (_p3j2l (_gjL*j^> ^^ j^>-j j^j 

/qJ ^dj^/I jjJaLj 3jIjj>. O-al^ Laj i^LLI ty\£- 4Jj^Ja (^\_u_u J_Lo Cj^Iowl L^jl 
|_^_i|_3 I j '< U I ^ ^^.3 la I tlj j<s_o_>J| jj^i i_ijj> dJLlfli CjJIj Laj 1 Jjlj l_iiej 
(_£_>i- VI 4_lu3j2| CjI£j_>JIj (Jj^jJIj LT"'j-^' J "*"" "J 'J^hl*-^ L»5lj cLuajjiA 
jl > 0" < iiLj j^pDj 2I ^t-La-uiJ 4_l3IjJl>JI fQJLJLLI j-±*i t^- 'T ' ' ^iy*^ Lr^l^" ?*-* 

Aj-xS L4J I i'<>J-g. Jl i3-UjSLII A J U 1 1 (^ ,_p=jVI C-<Sj^ (j-C I i q K" I jlj 

4 ,i I c \ ^yi L^j Lla-lJeJ La I 1 eaj I djjju ' ' ^ '■■■ ' L0L3 i»l < V»All aIjj>>I Jj^a t_gjl 1 11 

i_La_j_>tJU ^JlLa «Lj_lj—a j J C jl i^—jLLIj ^j-u-jLjjI ty „ J-^ 3 iC^JlS 4_uj-a 

g I < la a ! I ^-^ JJJ-J ' d **' d 1 c I *_L^_ae-J ^^paj 2I c-aSjS ^jl /_uuj V t c— t^tJiJ 

it til^Sjl /j-SLj jt-a jmi Mill (J^>-J «U_oAj (J^>* i 1J^5ejj 21 ajo.^ 3j_ui «Lcj -i _ u j 
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^—1! Lajjju fi ' "^ '" /^-Aj i j-'- a j-^p 4-»L« ^—IljjN. I ^ <\ - ■■ ^-Ljjj * 3j-tIuJiJl - 1 
£j_a d g . U. ^j-a (jaSujj Ij^i-* j-Lo 50 jjJIj^v cLSL<i-i-uj c_3^LiJl : Lj_A ^j-^-*-"^ 
4-S-Ja aj iCjljLSJl L^_La ^j^oSJjj /-oil 4_u_uL_o2l S^LLl (j-Aj iO_ul^>Jl jjj^-ua 

, d a .^."X a jj^ ijr Jt^ jUa j1j£ 2900 ^Ijj^ I gSLg i uj - d u , ■■j"tj d ^ , U 1 1 -2 

_}l_£l£.Vl Jj . uJj ij,lAai}£ 3300 (^J^p- l^o ujJ . (3lj_J1) 4jj£j-l1 dJLtUI -3 

.(jSLuJlj JUJL>J1 l_A^1j_a jq_A| ^jLj qj *< Us *j 4J^_u_oj 

. Cj La jJjus jj-* 3j-jQJ1 (^^I^s-jJI i>L)! Ll»_l4_) L4-0 Li-iut till J ^algej 1 ■■ " ^jl LLlLC 
(^pDj^l (j-l^Li ^1 4_i3 dJLl/ V i^JJI J-*^ O^S i Lr jL * s J^ L<u1-i Lt-A (J_uLjJlI1j 

. (—i i^j-j-I I jj,S ' ' f ^-" ' ^J ^ ' Q ^ ' ^ * A -^ ' J-* (j-° lH ^ j -° ^JJ -4-3 lt^ 7?~J~^*^ 

«L>.j^ 2200 j^^Ij^n. /^-Il J-Lajj 4(_)1dj 2l 9c Us , ,. j^o CjljJLa jJ-jS 4j^Lj Jjlj 
i_LLJjj J J * ' "~* ' I > tj Lca ' ^J'^- 1 ^' ^"J-A • ^^"j i ^?-'-* J-^P ^^ ^3 1^ c^^ C 'ti3- La 
,^\_j L^jjljjx <: ^>*j-ij i(_paj2l (j-Lau jj-a r"jL^j 4_ul£j-jJl ^_<i->»Ji (j) \JJt /^ic 
J_ljlj (^jVl (j-l^Li ^^ JuJ Mill .Uii^tl ^f j_t£ ,4j^1o 5j>.jJ 2200 -120 
. «Lc j^alua L-lajO- /-fl >^aJ 1 /— 5 ' ) Cl*-t^tJ /y>- LJ-* /_y^ ^JJ 6 ' ^ L ' J J * ' ^ ' ' 'J " 

^-lL'JI iJjVjJI sbjj^. ..^jVl j^Lj ^ 2luL£U1 4^LLJ1 JjVj ^j 

"U. a i's*. £j_a .(_p3)J?l <-_3^LJlJ 4-la£JLI 4jj^t_uaJ1 4-AjJaj| 4L»JeZS LI 4_utL>J1 
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(_p=>j 2 1 7c La - ■■ 0->o JL>o J * f-^J-*- ' j^^-u-Li-aJ 1 /^l^. LlLs I 20 ^—J I 43- I ;g"*"k* ' ■■ 
jL»_lJ1j jL^_j 2 \j jl_La_a 2l i>L_j_a tc_ tluj ^j-* 3 4-*-3-3fc-^- a <: ^^-^3■ J ^ ^^J-* * LUa_n 
(j^SJJ * iLajl *j i i-gfi^-l s (J-ojIl>.1j (_>-aj VI (J3^J f-« Ltfuj L^-Jajua "" J ■ J 
J J sc-uaJ I d *j tla U-t-mseJ 1 ^ i*- jjJlLi <d_uiau 4_uJajl CjljIJj>. ^—3 f>L»-U £J-A 
Ljj-SLo j_)1dj 2I 4^vj tjr JI d£. L galu La ^Lj-tl £J-A (j-*J * L^£.jjjj L^jjjo ^^^i-Il 



4_ljusj 2I Sj^LJL Ja_j_>u CjljLiJI ^j-* ^^J^" ' ^-^J' "'^ A ^ L^J-?^' <—3^Ltj| 
^.Lvjl 3*_ujj>. ^—b j3Jjj I ^j** (JLua_i2jl z 3jL>-j (J3^-s 4£j^>J1 (Q_j1 J J-^J * Lal_4_i 

d A l" >, t L 1 CjIjLuJIj (^J_>Jl jljJlL_u 21 I {j£ljz\j t gLL^a I &JLJ I jSlj-4^ 'l^J *-~5^ 

. JjjJI ,^-J JijJ_>JLi l_3jIl*j V td_L>.l i ntlj SjSjLJI ^1^-11 <J^J 

4-S-iJa Ij^li Jji3^ 3 '""** ' ' ^ j.n4-*>- /^l (_paj2l jj>- ftLaJjul p ■ '-^ 1 

. v-Ld-maj uS g 1 ~V ^ ' "0 ' ~>- L ^ J "0 VOj ' ~J J^ ' "0" VV ' "~J J ^ ' " 0.V3J**' 
L^_i>j>. ^-JS ^Ta-ULJ /^iii d 5 tla II (—& i(^jJuJj 1 la j ■*■ \ I ^l) j-jjL^ojjijJIJ 1 J 
jj^_i 1 U , uallXI jjy^ ^ 5 da II &JJt pLfljjl ^-J-JJJ 'L^J 7c-La_caJ (^-ua^LLI ^J^ - ■■ j| 
Cj 1 lLSoI I ^jiaj-aj j Ij dH - ■■ X I a JLC 4-2-iIa /j-Aj 4 ^J^ 16 -" ' 7" ' " tiL^ '^>-'- a J ^ ' ' 

/_J I &> L^SLq-uj ^-Lt-La (d) LdxlaJ I j j Ja_j_>J, I (^ t ) 1 j^ - uaj I IvluiJ I 4-5-iIa La I 

1 ^ S t v-lAj uajajJlII ^ 5 Ja j-uuj (^jjSjJI ftl^^JI jj-a <d_S_Ja /^Aj * 'J-^J-^P ^^ 

i«Lul^JI cjIjLiJI (jja tjlj-^j L^jjlcL^ tjr ^ c— il i uJu !il «LuLlJ1 7-LjJ1 L^vLl>o 

. d_o3 jCtl I 7- LjJ I Cj I j Lu jftj-o L £) L5j-«_J j 4-LiJaj V I 3j£j I fclajt-a J jj>. ^j Lj^?e_j 

4j^2JI <Ll^ ulAJUjI (3^ «L«_iI/2l (J-*-^j ^tjjljj^il jL^- (jj-IJ (2^?~ ' 'iSj^H jL^- (j-« 
aJju lj-la_j (^j_>JI < 3^A_Jt_Il jj-o «ij->JI lJLAj^S jj^jj tjjgi^-mJl LAjJLuaj /^i-Ii 
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. djr*,-ijal 5^£L!I •» La i ■■ (jji^ *^^' 

L^jLj-jLi J_u»jjj (SJjLLU a ^ ,Utl t_gl) jjrii ii^jjjVI (_^#^ 4jlj!jJ! 4JidaJI Lol 

Cjlj!i fQ_j-La_>»j ^- Ir (J-$-«J (-H-J1 d^"»- , ,.A* .11 J^J3 «U*aL>. jnq i"in Cil£,m nii 
4_bG_a ■» j . ^." a L^jLjjj^SLII Jl>.I I * i ^ A" a , |_£j jj^jvj^ILuJIj t jua- i nSjal jLc. 

. Luj-^ 4-i^- mi a m£i 

^—J! ^J ■ a a ^j^ j_jJl1j1 t <_i1_S a1j->J1 1 JLA pLajjIj i^-j^jzl a1j->JLj ^. o i u i 

. JLsJ^JI Aj-JI (j-3 Cilj-o 3jLC iLcLojj! j-jJ^u JLaJ (Jj j^i- 2 ajj (j-o (Jj 'J^>- 1 
jj-« 3 *" L-*^-i-*-S i '^- J J> c ' ^ Jj*Jj 3j-&LLb j-Lflj_ojjjj z I d 5 da ^-3 j ^ IaJ j 

-d i I nt 2lj d J I n q Mill » tLul JJ J'^ J_t£. 4-^a Ljtt-JJ-<Lj^T- i"i a Cji OJ I n~w juil |"|U 

Li-Jv^S *Lj^ 3c mi II Cil oj i n-»J1 0JL& a J La t -^-"j i ( - P D J « ' ( -r t ^$^ <>L>»jLj pj-*_u3 
w-AjjH^- L^ij L2j sLLjLLo 4Jula Jjl I j'.V-,d ^ ,Utl aJJt ^^ JU>-j3 (jjJI CjljLiJLi 
Sj^JsL) /^-IJ 5jl "1 i ii (t-JJ (j-u^-J9 (j-* ^ i > '"' /^-^ ' flxiiej J J i ■■ rt dJJ!i jj-^ Luiiifl 
LJl_^>.| Lg-Lc j ) ua_j Jt£ (j-S^!j iS^LLI ^j^ ^J^J. »J '^*^ (j -0 ^-^J ?T>*^ 
i>J_A /- I c {j-LLaja ,£l J"" ' ■'"' 'J ^lj-'a rv j g M a t * j g M Lga3> tj'^Ji Cjl!i *1^_ual 

. Aurora Borealis (^.Ustl jJjAJI) 3j_aLLaJI 
tlaxLa i(_gjj>JI i_3^L«JI i " ' I S j La (Jjj Sj_ii.2lj =L«jiaL>JI 4-SjIaj I (ji^- jlLajj 
iJr l\ J iaj JL^ pLajjl (^1 jd«j ^^-Aj (5_i^.jL>JI 2 ^ , U 1 1 j_g|) jj^i ..j i n^VI 
(2)-i ^- ' ■■^j y I jj-a ^ aj A" ^ CjIjJ ^j^** > L^J JL>-jj ^jt J_*ill^tjj J-*-* ^IjS I 300 



^ j <t i n" (j-S^-!j i4-j_u< jSvJI L^oL^oj L^IjjI jjl»jj i_aVl 3jlc j^c ij-UsLsJI 
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I )Ua-m L$-La C)^ hi" i 1 J ' < " 1 1 La a* I J 3->*-J' t^£ Cjj^e_(2j1 JL9 OjIS 7t_jjl^_t-a uLoj 

-I LaA!l ^ 
V ^j^l o' >* '^-'V''"**^ 2j^l ;,^tl jLi^^/Ij LLLa uJI jut (j-u 3j-^"j 
(jl (.j-oSLj 4JLa i4_u jL>JI (Jji^j jIjlLI ljr £ sLS-JLj ^ rWC" Jj ^1 i jjj (_gi JiLaj 

jj-a ^j a 1 se J > (■r*-** ii: ^Lu1 /^ v-^* J'J ' I I w il l«3-9 ^ i ti3» ^t «Lcj-*_u *-Lu 
. 4j (_^Li. dil^ ( _ ;r 3 JJJJJ O^J^' i ^- i ^" ** ' '" .' a 
jj-LaL) jlj-<_ut ' a ujHS. ) ^jl (_Ll3 t^ ' ' " >' <^Ltfl j Laj ' > ^jl ^jl i ii i 2 1 /^Lc. (jl 
4j£.Lu,aJI jLaJs^l aJ^S . -I .V.A1I jlj-<-ul ia>«I ^Lj^Ja jJilJJ (jJ «LcSL!j <_p=>j^l 
'J.13 '^"'^ J I (_>ul jiiH sljj-u 4J3 jjl ^^ 4-jLc <_2 2 Ll 3j^>JUj (_pa!j^. 2I 4 lih^e-a 
4-uj_>JI 2 j,r-\; ,^\\ jL«J3^/l (j-a j_uSL!l tiJLufcj •'^•J J-«^i (jlr I j I o » ; (»j-2j 
p J J' iJJUlII ^j'C i nttl Jol uilll jj^aj I j .'^.Ij'ai (j-aj 4 J i u i n*T-"tl jl 

. LgJS^LLajl JUX. sliejjljj^a 
Lai i(_p3j2l •» U . .. j^c Laj_«_i dJ-L> (j-o 4 Jg I LuaJI jLiJa^l CjIjI JLaj 
j_t_j_] La ^-A ^j ga d sc * LI jl J_Llj . 4_jJLc jl pLcjj 2i I 4_La_<_u^ILa jl <* Lca-Aje * rt 

jl jII I jut (^a jLoJsVl (jjSij LJLcj i^jVl 7c La ■ ■■ ,jji jio ^1j£ 300 (^-11^- 
jIjlL! Lai .(^j^JI i_a^L«JI ^^ 5JsjJLre_a di!i jutj (^jiillij i^jVl ^tj 

2_.^l ;,^tl jl ^aVlj l( _p3jVl ^.U,,, jf j~. ^ j I X94fin (jJl^a. Jj-l^ Ja uijlLI 
.CjIjJjj/ ajjtl-fjlaj^l J^i- L^jljjj (_gl-L*j_«x. J^iaj jljil.1 I jut (^ J-^3JJ (jlll 

j -i c J j La-jj diljUajlj'CIl jj^ i_aWI olj joe jijijla i3_jJL«J| cjIjI jlLI Lai 

.cLUI dLS, La (^Jl iL^a J-UajJ j^ill 2j^l L^aJI jLalVl 
' "J 3 c J O^J^' •*•''*'"' (2>C- !_,** I tjLall j i aJI Jjlj jj^j 3_jJ>j_LaJI 3_£^L«Jlj 
w ^l LcaJI j -i all 4^j_>J (_gj^JI I j a\l A 3_ajLiLaj j^j^l 3_ujL>- ^1 fj>-JJ 
,-. ,'* '*'-* .lj ''^J^■ o^J^' *^" S ^ 3 " ^J - ' " '-"'^ 'O^J^*' (l^ ^'A*^ J 'j * " " ^ 
..0j_«X. (J^iaj dlljuj lOjLxJi (_gjjJI L$^)M-C 3_ojLLa 
5j-La-j-i ■■ (jLa I'Lj.Uaj^! 3j£LII « La • ■■ ,j-a ^^ I :,^tl j_aJi]| t_!jHSI liil La? 
j<U (j-aj <0^j_>J l5>?^' L^^Lc. 3_ajLLa diJJL^J : jl Jijj djlr (_p=>j^/l 4_uiL>. 

.(_p3j2l (J^a- 4JljJJ 3jLa (_gl iOj_<i£, j 1 r~i Sj 
Sjjj^LII Cjljl-Lill ^«-«^>- ' .- I L^aAJ I ( _ ;r 3 A ±C I I LtaJl jLa^^l >L^a CjJU>.l (j-aj 
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l^gjuJI ugj&llg 09SJI 

4_jJjSLII CiLcU uiVI 3_ui£j (_gjjjl I -j'aM A j j^psj^l i_2jjJo (^>£. i ( _ ;r «l«J! i,'it ill 

i<d_j_iLaJl jj-* ?l> 3fc l "-^O J' Ol.^ CA_4-1 ^-HJlj j^pDj^l jj>- (—5 <U_iLfc «LCj-*_uj 
J "->" 1 1 J-^£- (jjri^J-" i a^LiJLi (JjSLj La 4jjI/Li MJaLa^ 4 j i ii g i"itl 4^.jjjj>J,L3 

o "JJ * ** * ' f Q -?-'^' * i-^Jtj j^>-2 0^-*- Cy° '-$-'- a ^'V 3 * J^^J iCjuSj^SJI ^ya 

(j-a «jj>- J ■ * a h JL9 jj ju^. i LuJI a^j*JJI t_ijJM J-f^l u? j-" i Alpha Centauri 
(j.3 1_aj_j»LSij u.i^i'i 4jjj» (_^-l^ (j no '"'tt ij^>- La-jL<ji (_gjjc_Ll <_9^L«J! I jut 

i.n mi Ji)j-l_>u /jj-Aj i/^—A^-LJJ ^^—-tiaj d ^ 91 tail ^—ILlUI ^j^** > ^-^ £> o i n ll 

L&ik: Jikj ^1 <2_JIjl!I dJgLLJI CjIJ SjiaLJI SjlJlVI dJLLj oj^' er^ 
La LiLo~I I j""*j i ■■ j-Lu j)l 3-g.j i nil 3-»gIac Cil nj i n-v L$JI i(3_uj£L!l 3< i^i^l) 
. \iX>- 5>^J SJaLU Cj! j) lilljd (_^-£9 1 c j 1 a 1 1 icj.^ pLijI 3_ijAj (j-a VLJ-^d 
d JT ' "* '.' 3j^ 4juii2?lj dj'Cli ii^Ul CjLvjJU Jila isLuoSLJI *U-<I/2l CjLvjjsj 
(jjJLa-Lj jo_!j ii>j ii-< j" (ji ij\-xAl (lA-*J " Cr^J -0 lW 3 £llJ i*lj-«->JI O-^oj 
^J a S j 9 td * mi2| 0JL$J /. 5-jJL>Jl j J ' aJ I jj_a j-uaL>J1 O^aJl jJb. »l a LljI 
jl^c.21 (j-a (jllaxS L#j| (jjjj>.| (Jj-Sj Lo_Lu (j m i"ill (j-a SjJiLi^s L^JI (j^* itl 
Q^SLII ^^.9 jjL, ij_o.^| (_gljJ! I JJt diLill »l nlr j ■ ■■ fljj -I .^Alt 2 ^_.-» ...tl 
g| I -r \ -sll CjljLiJI (j-o cdSLt CjLl«^ (jr^- uJi-^^ d'" J^_3 (<u! J-«jJI j^rtJ-^V 
jj-» i^tlj JUJL>J! CjIjJ (jr^ uJi-^^ ^*^ liLajvOll AjjaJjl jj^s (j^^H' CjLlaj 
JL^J 4 J_aL>. ^_A La L$_Laj )<_ilu^ ^aJb L« ai i n^. 2l ^j-*J 4«Lo_ll J> 4Sjj>* ^_9 jLuulj 
,4_uLtiitiJ1 ai i n^.21 4>JLA ^j^->* ' t^ya 4HjLj_La 4_ujSjl ^ ♦ uijI (J^aSj 

<_9^L>JJ LLJI cj La-iiaJ I I j . v. 1 « i4j_ii,^ I i>jujj 4_t_ui^JI ciiLsLLJI -i la « aj 
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£jjt-JI x^a blj^ (oEcl 



Lt___tJ (jy^l LaL>- 4_«_il/i <j-~3 a! i u_>.>Ij Lsljlo-I i^J-^' (_r^ 'L^J^ ' _" '" 3j* a 

. «U J i^Jj 1 <___. 1 J_J_3____U_! 1 

tjL^ LjI ^mi (Jj-^-^-jj ff-l ft_^_JI ^^^ J ^"i m jj\ <_ljj£LI1 <^_t___u^U (jSL^jj 
L_^__»__j_aij___ jLt-j-1 -_Ll-_-_j ^..iJI 4_uj£LJ1 5 1 m,>U 4_tKJ1 4__>L!__J1 4_»-<i£j - L-gSLcw--) 

4-t-j L-aJI 4_*___u2l J-lL»J jL-^-LlLlJI j^>»-I1 ' - ■ I 5 j La ^_3 L-^j I *( sc mi (jja L^_i_jj____jj 
.(jaSJl ^i-4-i 4_t___u2l dJJj _jl O-j-Ij L4-0 4Aj_5____Jl ^j-* ' -J-*--aJ (-H-M ^dJlJ- 3 *"'? 



i4jL*LqJs! 4_j^L>Jl jJ_3i_L-,1 (j-* (^paj VI t__L___<_u (33^ (j-« j-4-.-Jl j-I-a-L-i (jl dJLl/ 21 
(j-c 4_J-j-L-a--aj ^Ir *_j»- u-J V J*s tftu t4.__.Jj <J-->I 1 J-J 4-1*5 l_I_ijJ}_e1 I <iK L_ul VI 
. L-5jLi_3lj 4 j i no uJI 2Lc j_*j_>_i 1 c-tllj-b (j_a ^J-J^. 

ji_p 3478 3j__L____5 f-Lj-ij i j-*- A J-^P <— -3J1 38 9-st-xj (_)___>j 21 (j_c >^-__j1 Jul-u 

U-t-L-ui-J i_4_S ' r 1 L-a-d-l) y___3 L_^_x£j__^ (-j-L^J 4-Li._a j V 1 5j__Sjl (jH-C- J-fJ- 1 J-^J 'J-*-* 
i (j-\_^is_i»__> L?* "> ' "***^ O^J^J C----1I clA- 1 < — OLflB-xIl 3a_9 (J-4JLJ t-^p- jj->J lj J-U 
dJjUs-a j <iflU 4_£>-1jll (jlaL-UI ^ (jlajVl -»U,„^U (^jj| ^m l_L^_>u ^-l-C. 
( _ jr _3 cL_C __i_j j 1 (jL__. i__JJL_?e_-3 (jlajVI 7c_L___<_u ^,-liC. s-UI (jV I j __a ij i4_j_ll 4_s_JL>* 
(j I LiJj 1. i __L*_-sj i j__>. 1 (j LSL-i (___< i> I 9-J-U1-4 (^-a-Asc ' ) (j I J-J 21 4_j I _> Luus La (j L£L-i 
.«U (Jj LLa j_i- I (jLSLo (^S jj^>- ^LL-oj (jl JU V Lo ^jLSLo ^^,.3 Cj_JL?__j LaJUiC J_11 
3j__-i l_^Jj_>. JJ-^-iJ i, - i - >, 'J <: ^ >, 3 J Lj-il.. j^P-ijVI ^ _>■ I j ) j qJ-J I (jl J_a_>.^ijij 

(_ Jl$_>. (JS 3>jfj g* l-l-Li (Jj-^- jj-^- 1 4-J' l__J_1___j 1 g.L»lc Ttuju-ui] L___LI__i (j-«j < j g ui (JS 

jtCj-m I ( j_4__^_t_uJ 1 ^a-x-a-j ■ ^% _____ 4__%_L___i_u ^JLc. 4_L____u (_jj I (Jiiaj 1 JU j • j $ ui 
?.1^_>.V1 Lot i4_jj_»_-i 4_>.j__ 4_jLa (j-* < — ) J-^ J *-* (j-JJ ^J'^H*- <: '- > 'J- i ^-^J-^ i^-LoLS 
3_jLo ^^.Jl J L----J L^-X-3 3_.Jj._J1 (jl J__5C_I__1 t^J .1 <j ill 1 1 4jL__Ll L^-ll <J-*----j V ^^ylLJI 

- j a L-aJl 0_>_J d__>-jJ 
1 JL-gJ j . (^paj V 1 4_u 1. L>. (jjj J___u j^-J 1 j_>. ^-L-J . 4____UL-___5 ^ -^ -U 1 4_u __ L>. «Lt_j___i_3j 

• i_^j_>. (___^l_ij Jal -i-o- 21 (jj-^ l£J-^ * Cr^ 
U-tSoS /^-l] L_g_ij__3l 4JL_j <, 4jj L-c-u-J 1 a1j__^V1 (j-* O^- O^- J i -"I 3^*^dL? 
i4_o_L_5__ 4_xjLL-i iJjLlA 4jjL>J1 4____Lt_>JL 1 Cjlj_LjjlI1 4juLL-i (__>S!_4-i ^j (j-°J lP^J 

<.4jfs \, g^Ul 3j-^_%. VI ^1 QJ-H- 1 11 -J jl 5_Jj_j_^__jJ1 ^L_ojJ_J 4JLJL_XI i>_l_-t C-oLi «:1j_x_o 
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d^gjuJI u-iji&JIg 09^*" 



i2 uj\ a j_a_>J1 ji j o dJI ■- La i ■■ JJ3^ ' J J ^ J S J* ' ^ CjLlLojuI <>J_& (j-«J 



ta_i_ui fj fl- 3 3-SJ1 /j-Il 4_j_u3j2l Cjl JIC1 i nil <J^aj-a j jjx Gj (j-lj . j_}L*JJ jj-£- 
i U^. j*. , .. (_ 3 aJI i— al miCm nVI CjLcLijj. jl (j-o» (jr^ '<*y' ** * ' '^.' <j-° J-" '"'— 3$j-LaJl 
VI CjIjIjLoVIj diljlcl i n U (jlr J j , ^ ^ 1 1 ^ys ( 2jSLcjj (j-I 'j^i^' S-^i^ (jlf 

• j^il Sac: J^Li. 
JI oral ljr £ j_«_2JI (_j-l-C. I mi i" 4Jajeji Jjl a JLJ-" i n" jl J^L^JU <j-oj 

•i_£>i"' A^JJOJ l_iiljS ^1 .. I Jjlj j^l Cj^L>.jJ isLujjjGJI 

SVenus SjjtjJI ' . '^J^ ?■ La i ■■ ro^aljijal LLaJ LaJUX. «LUajJI .iljij JlJ-jmi liLa 
■- La i ■■ jj J se j t ii a I Si-«1 «^ *". , ..1, 1 i>Lu3 ^—5 j^j-s^oJlJ «Uzj!o CjLLiJ 3j^aj-a (j-Al 
^^.3 Jin i~i || j j La JJ i3JSj^>J,l 7-Ljj_IIj 3jIj^>JI 4j xflJI JL99. 3j_ajJI t_i£ji 
jLcj jLJulj jJLajjl j_a d da-Q ' " * I 5 ■ Laa t. isc < n (J^Ln. 77-A3 -1 *W>-*^ »l o i nil 

4_La ( _ ;r i ii i i ii II *^>.j_jj ' " ' I ja _'j S j j j j j II cjljLcj q^jj£LII ju i uvl (^jIj 

oJsjJI (j"-- Ij (^ o"j (0-1 tiLLill »lolr (jl (^Jl i_<£jSLII I JLA j£: djLaal«J.I 
^Ijsj-j IjJJjCLa i>jlj-o (—3 JJJ-J 3j— Aj-11 c^£a£Ls ' d a La i ■■ ^Ljjj (j^ 3 J-*-a L>J I 
La (ji^. i— 3j-*JJ (jl (j^ jLjul L?' 0^-*-y t -' '^-^J ' £ ^i>'^' '-.'"*• "'I' (j -0 ' ' t j - " 
^ no ilill jj£. JL*-»j «Lil ^ojfc iSjjfcjjl c-tS&S j£. Sj^I^&IlLI Cj Lajj U 1 1 Lai . LjILao 
jJa3 (j^ (Jjsl (_gI^ILo^ljS I 2300 34a £jja3 Lai ij^-a 3^^ LiW-^- '^ Cr"-? ::t ^ 
3j_AjJI i_»£jS cr^- 3 ^ -' '^4v3 iJaJia ^P- _J^^ 300 (^Ijjaj (_paj al i_j£j^ 

* jj-S-i La (j 'i o '"ill o^^ l£j-*'^' ^jIjla /j£ ajjtjj] t^S^ •te.j-i-u ^-Luj 

j-_j_o^i-j I o S i^^aj>- i_a^Lij ^ . ..A't , La dj se 1 ^Aj i4_uLul j—b j^a jjhS 35 j-* 
La i3j-^ A ^>^^ gl 1 1 ii 1 d jlr 4-La^l i "'l ^j n o Mill d ♦ Mil J^a (jj&jls 4_)Li 4j&Iaajj 
. 4 j mo Mill <1cjju>J,I ( _ ;r 3 jj>- I t_<£jS (_g I 4 i n < v«J 
(^ »l oUtl ' aJgj.1 (jl ii-kjiSLII mJjLUI pLLSJI ljuk -i5^J ^*r!-" (j-° lj"J 
I j_A jl (^1 jlj>.IjJI i^ljJI i_j_aj_jj i3j_AjJI t_<£j^ 3-5^ j*Ji^' J>k j-jJlSj 
2] d i ■■ a 1 (J^>* JJ^ ^ t*- 1 (j^J 4 LijI^ JL>*lj ^l^-^J ^j n o Mill 4^*l^aj c^£aSJI 
.(j no Mill (J^>- (_LaLCJI 4JljjJ 3Jla (_^j*J ' ^-°i^ ^^ J^ *J-° 
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L<-ul i ii "^'J i LoLo-S 1J-JJU>. IjJ » mi g I '^"^'1 12& jAjuu] 1 nlr _ d ' <a 1 jJLJ 
Jjfc . .(J»l i n~)j (_£jj>.2| l_i^ljSL!l ^1 * I Laj ' (j^e-ij i(jj£L!l ( _ ;r 3 LuLSayJ d *J. .' 

. s^isjui jj-o j^-^- 5 ^-j-4^j * iSi^sji i>j_A 3^^ ^W-^* ^^-jfi 

Luj-c Lt£o£ ■ a i\ ' -^ * Loju^. t^j-sl «Li_iit_) * «■ > * > ^jLo* 21 ^j^* > ^—a tlA-^J 

iL2j> i_i_Lie_o j-Iklo I "t j jkt 4_Lo Llijjjs! Ijl mJJlI! iMercury >jl La£ Jflo 
(*-aj . 3j_*^s_j_o <3_j.}Loj «L_t_uS 1 La j La 3» 4 11 V"i" tll^' (j""*""^*"" 5 C^ ^^^ i"" ' " 
(_£ j-jSLaHJ 1 _}j^>J, j * "■ 5j (jl£s_oj p I ivAxta <■ ige < u iC_tSaSJl jj_o g/- 1J3JU *j^>J1 

^L£ 4960 ojJaJs iJjj mJJJ! jgj-uaJI c_jjjjl t_<£jSLII i >jlW: t_j£j^ 4JI 

, La i ■■j**' rt xJLjj-L$_Lo JUJuioJI gLi IjJla 2 -5j jjS «Lcj-*_u_i jnn ilitl (J^>> JJ^J i J H- a 

i_Lj |_o£ tla^a Lojj 88 ^ Sjj jdl ^CLta iS-ulill ^ jjjj ^1j£ 48 2lcj_<JI iilij 

» ij^al 4_]t dJJ!i (—Lt-oj 'J-"-* J m ' LA^rr - * -*® C^ l^" O " ° ' L^ *— (jJjJI ^-*J 

. d j i up Mill «Lc^_o->JU i S\^£ (j-* J-^*' t— iSaS m^I (j_o ^pil L#-i-« 

(j n ii t u-£ 41olS 3jJJ Oj^e-fl (J^^ Jj^ Jljl Ur l_*£aS (jl i_3j|jjlil (j-«J 
JLsJj ^l^-^J (J 'I 1 i"itl 4j>.Ijj^^3 /<SJ (j-OJ (J no i"itl (J^>- I <jj*^ Jj^j C"^ '2<^2AJ| 
«L>.jJ «Lj.a *_flJjJ lij^p- L?^' J^ ->jl Uf. ijr&>-J J^>-l O' L5' 'S-»5|j 4 iiir-n 
Lot ij^^aLt-aj-Jl j j ' a 1 ^j-oSj /j-Aj 4j^_(_o 4j>*j^ 300 ^j-o j^& I ^-Jl 3jlj->J1 
Sjaio «L>-j-} 237-^1 3jlj_>JI 4jvj^ ^j q a je " Cj^p^ l5-V' (Jt!^ J^* - ^' <Ls-jJI 

.(«273-» (jHaJL I j a La] I 'Ls-jJ (j-o £ ^J>^ l5') 
«Lc^o_o->tJ, 1 c_tS1^S JLjIuI j ^ a 4(^\_Ua_Ldj tj\j N J c-tS^oS )t_o^t-J 1 JlS_Aj 

V J * A " -» j j , ju>.|j o^J ^^ iS^jjj Lt^iol 4JI LoS 3jIjj>. d j i n o i"ill 

puajj 21 I Lgaj la i«Q_u]}L>. joj (j-°J 4IiLo jJLt-a t. Mini cLaa-mJ m^oj>- t_a^Lij 4J^oj>* 

j^tjj (^Jl ^^1 Mjjdl j-o^?! i(jn o ui II (j^i 4jj-^I IjJoJ j^hf^ J^ ''ii; ^jLh*" 

.iya. 
■1 ■ ' a_ll j_i_o (jjjLjJI i»l_oJ<jt! (jlf jajf~n nl Mjjdl t_i^aSLII liili ..tcjj-U 

.Mars t_jj^>JI 4JI («jj/l *ulc jJiaLa j^loII j-o^-Vl sLJoJ 1. . j 1 .1; 



57 



>Ij>9-ujJI u-iji&JIg 09SJI 

y ii^l J_o3 t4-3tla-m (-H^ CjI^JJlII d 1 1 11 1 La J J ^ log t<>jl J_« ?rj-*-^ t. < 1 i u ij 

c-j_i J>j^>-J si nUtl *-^JJ (jJJ dlli ( _ ;r 3 i. i j i nt I f-^jJ ^iJ3 njSxli I » i *r-> j-a j 

1 a,jU-.V <^r-^' 4jjjJlII j_al^iiJI dJJj (. ij i in LaJj jl ttLaeJauai <j}>^ 3Ll»J! <j-° 
JSLJu 3_,|j_c.j 4 jlr Jj.iLi-^/1 jl uuilj 4-uJaS J_t£. J_lL»JI (j-a Jj^ -^y^-J d-*- 

. 4jy>. (j'jJ^ (jd 1 -^' (ji>*^ 

' fl-mSJ 4_ul_tia3 CjLtij-a 3j_C (Jj-ujl i?t_jjjj C1S9S ^^C ClLa^U 11 £jja JtjJJJ 

9 ajj 2 j-SjLa L^jjjj 1 1975 ^..U,„A! 20 ajj I j-SjLs L&>i-T q[£ oj!><-ut 

-(_p3j2l l_<-ij^ (_y^ LoS-4jjlj_l j^Jj-ll J^^E-O (J-L4JJ . AUlJl (J-oAj (j-O J J n't I II 

j^c ?e_j^)_L1 Jjlj , U , ,.j", /i *-Lu_J 1 I J-il V^La elj-i 2 fSJ (j-°J O^J^ ' 3" 2 - 1 

i_Luj i La^j 687 <J^L>- L$J^>. 4jjj_} r^-JJ jla jjhS ^j^jJ-o 225 ^—ll^^. jii<i i"it1 

?jy jAI $$ri dL» dUA JA 

2 , I ^—LSLjLoJI ^"i jSj-a L$j o-aLs (jylll t_ijL5tlII jy-jLlJ 4ls («JL«JI <-_<J9jj 
CiijJj£ jJLa i7c_jj_II ■» La i ■■ (jj-^ *Up* -^J"-^ C-3-'- IjLSjaI i 1975 aLc ( _ ;r 3 
4_u^c cjLa^iieji Laji^Sj ircj^il (j-o SjsjLa SjjLIa 3L" 3 ' ^Jj d^ ^Ljl^>Ji 

. JLji- J^ (jji-'" ^jL»- ^'j-^ C^J 'j i^i-wl Q3J cjli 

f- la^gaJI c_t_o^IIJl Sj-ALLi 4j_uIjJU jj U"m ^-tSLiLoJ ^—Jj^l 4_]jL?eIijl OjLSj 
joJj , 2 jj . %. c 3^l_o (^1 (jj_lj£L!l J j 1 nSl (j-ilj (Jj^^o 4jjl£Lalj i7cjj_LI J^>J 
dJI_La OlJK lil Lo i«_LLa J < mii icLJjJI L^lL: J-^— ^ (jiH ^Sbi!l C^jiu 
(_L>.lj (j-o CjIj— o 3jLC t—ljLajJI S^Lcl (di.j_lj . V a\ TtJjJil •» t-> , „ ,33^ *^P" 
^J j ' a >■ 1 1 jcjj <J ' JJ~» < ^Jl 0->o 5l_o^ 4_*ij i_LII_LA Cj-jLS 1 jl Lo «LbjjuL <^j^HJl 
(jLa Laj or j .TcjjJil (^3 SLpJI (j-o pjJ (_£l Jy>-J AJLC J I Jy>-J C j-fa La (_ji^. 
(JLjj/jI (<Cbtlj iil!JJ OJjiJI i^^J^x-a CjJ_j£.I jl CjJjj>.| (jj^JI h-O^ 1 *-^' JJLC 
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(jl (_j-!lj i4JSJ) J-" I yy—SLllj u^ J J i-ajci! Ij^iaj ^»£i uO^' ^ - ' '"*" ''-^J- 
(j_c 4_aJaL2 II j j c «_jL11J1 0J-$j ^j )i Ll2 rt (J-laj d rt . ) 5j *, I Aj&j\\ oJJt Jj-ujJJ 
.MjiIaLJS SjL>-i ^-JJ LiiaLc. (JIJjjJI (J-LajJ i Ltji^>.j aJX. jl 3l_o~ Jj^-J ■^rP'-' 

(jj-iLj (_, Ir i_3jji_U! («JL«JI i.~. Mi/to? (^11! Cjlal uu^VI c_oti£:! <j-o Jj«J 
3-iSLlaJI J)Li^j^/L] (J^U'miU jLtaj! \"<A\ (oJ ^^Lull I -i *j « i a 1 I j la <« ijiJjJ.! 
I JUt (JiLa ^ I c f~lj 1 I I f-j'j-J - S _J*"J (jLcujVI *J3j-y (0-! 4JI Lo£ iAj-ill JLlo 
' ■* ' a I 47t_jj-Ll /^i^. jii^ Mitl £^_Ua jjjjl^sjul 3a^ t. < 1 1 ii ij .jqj?e_>J1 (-J3 j * ■ all 
(jjixj La-Lu i(Phobos (jjjjjj^) d_JI t_ijJ3^l j-«-2JI 4jjj (jl_o~^/l <. . Ir I (^ 
(jj^aJi!! jj-o J\3 • ^«LUal *ii^j o jjlj («-c.j (Demos (jjjj^-o) jj>-V! j »2JI Sjjj 
j— i-g- L jj i(_p=>j2l (Jj^>- j o all 4j jJJj (_g JJl AUaJjl (j iiajj 7t-Jj_ll J^>- Jj^ 
-(JL-uLI Jjj i ii ( _ ;r l£.- ( jjj^j^3 j I JL*a iTcjj-LI t_<£ji TtJajji (j-o I o^ijJLi ^Ij-aJill 
i _Jj " 5 j JLJS Cj-3jJ! jjj-ajj i JaJia J-<-o ^Li£ 6000 (^Ij^s. 7t_jj_LI (j-C J-tJJ 

«jJ.I obj J J^-*- <j-° f^H-" 1 -^ *>'•' J^* - (J^J-^Ai <J-"5i^ ^Ij-a-ill JJJJ 
^jLSj-^luJ 1 ^ j )] iC-tS^SJl 1 JLA Jj^3 ^j-a Lj_AJ-t-aj-j jjj. (J^i^t-S rCJ (j-*J ' d ' "^ ' cl^- 5 * 

t j_ u ^_4jj) ^jl jl icU (jH 5 at ) rt I o ^ d ■ aaj 4_t_i_ol_Ui ^ J ^ uuJI I -U a c 1 JL^ 4_ljljIj 

cLJLi ^ A.^jt Jupiter ^gj" ui U cj-^j^ (j-o -I caAll Jiljj jl>.| t_ij-iSI >I 
j-oj-a 2 1 jj-* * M-J>^ ^TJ^- 3 d 'J ' a rt 5aiaj» d 1^ , ..j"" c_<-A JJI jj-a ^ysj^S j-^iaj 
4_i Ja-j-se-la i_ij_L>Jlj (JLa-uJI w .^.al ^^ Lol i^Lill j-«j>.2| ^1 O-aLill 

.j<Cl«-LI 3jj^' Cr'l Cr^ (J^ 1 ^^ JTJ^-y ' ■!.' "" ^ ilka ^jsj-* - ' 
»i La ■ I I ^ 5ji La J) ujJ L^jli ^j"i i till ^jv ^j-a cU-b-iJI d Ltd i ■■ t *j**'^" LaJU£.j 

lj_La_La ^J>J! (jlr w A.'^j'a 5!5LgJI olLa-t>J I ,j-o OjtjjJ.1 jj)l uuJI jLie-J Lol 
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i_Lu i _ jr HJl 4_jjL*j1 ' tLualajLjl ijj**- i n" ^—3 pi LgaAll «LLloj_u *j ga» 1 I JLuj 4 Li£,j-a 
SjjLS I i eaj Ij cLseJaxji ( -J i^ J^J-JJ L° <P (* J Cr^ *J-^ '*>r^ t r jjj ^ *>^ 

5>-u^^a 4^L_u_« ^—11 ^^"i i till c_ <£^S jj-a c^jjUsI ^Jt 
*j ■"■ c jj-a * ) j-^ J Lx l£' j-^ 1 ^IjS ( £iJl 1 38 (—Jl^j^ lSL?**' ' "** J i .'.13 

(jjj > I j j L«-Lu I , 3 * I j j (^^jjjl 'LJJJ <l>^-9 'lP 3 -)^' ' ■ J^ J 1—3 1 » I *r-> I 

. SjLa ^j-a ^^"i i till c- *£^£ 4_)jHrt_) L4-0 _>^1 (J~^ 
^Jt> La jl 4 ^^ "1 i"i U ■- La 1 ■■ jj-° ' u-L^aJI sj_>Jl I J_u jjjl JLxl jqJju 2IJ 

l-sVT 3 djI<' ,j -> U , „ ,jl ^ J!jl>- V (jSLIj t3jl.r-.tl 4jj£j_II 2±£L!I jIjlLo 

rcS^t-« i_3^Li£ jJLuj 4* ) 3 La ■ «aj j Cjljuul 1 g-i3 7T3-4-J £^oj>.| jj-« CiljILa^ IjN '1 

3j-u£ 4x.j-i_uj jj JU a1 jj>. /]£. mi ^—3 LiJ^tlu t. l3b < 11 l$j LSj 4 4jL4_4_d Jto^la^. 4_] 
^^>-J)J^4Ji tj-* 3j_<i^t_a iJliljlx. jj-* tJ3^-^J iU-tSaSJl jj-a 4_l>.jL>J1 d 5 La ' 1 1 ^—3 

4-j 1 11 i ILi LS-i-La-j jj-jj jl j-o (j-3 (j hi i~ill (J^>- ^j" uA\ i-jSjS ijJj^tijj 

IjIL* ^IjS I 3 ^—II^^. ^J II <j Mill (J^>- 4H^.J-4ai ^-LjJJ 4«L4_4lAj (J^>- ^LjljJJ 4^_Cj - 4_ a j 
I— (jl^ I ( II jj-O 4_L4_U 3j-40l£. /^-ijl (j-« * ) J-*2 J L^J^ M"^ > * ^Jj"^ (*-^L5 44_JJUjl jjS 

.jILa ^hS Q5_lw 773 ^j n Mill {j£. m^**i i ii U 4_t£^tp JUlj ^-UJJ 4«Lll^3j 2l 
^j| I ^ lh\ Ij— 9-3 J ulC j_^-ijl (j-° 3-Cj-«^*-0 4(_gjllaiii! l_i£^£ ij^y*- JJ^iJ 

^ se La 1 ■■ (_^-l^. JJLu (jjJl 4JjLjJI «!j_«->JI 4jiiJ! dJJj jjt t_gj" uiX) c-jiji 



d * S ■ 11) L^-U-C 3 ' 4(Cw-ui-ll t—tS^S ■- La 1 ■■ 3^^ ^ri- 4 -^ d ^ * rt ^l-i^A 
«L>-j w 1 c I ^ " « j j La 5^jjla (j^j Jjlj »l <iUll (j^Lcjj j«Jj 4((_4JjjSL1I >;Ij_<uJ1 
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Ltjl jCLol ^-J-JJJ (J^ i"itl 3jjl t-Ia-U (_ ;r J»J ll_lSjSj| (j-O (jJI H uJI 3j£LII l_tLLi3J ^i 

. jia ^LiS" i_klt 24 IjJ3jj£J jHo ^liS" i_kll 48 
jij^ccS' 1 1878 aLc (j.3 .-. A .-."O jjj 2 i^a UJI 2<Sjtl aJJt oul£" J-oJj 
<_2^Lie-i (j-Aj i4^txislj AJJ-JI L^-JI Jri^ '(«JL»il 4^e-u3 I j j-^c (jjUl 4jj*Lj 4j<JLi 
dJJ jjj (_^£LI! «_a jj Jj Jj l<j< i^-ij j_Ju V i,_Jjj>.V! 5j-»U ,„tt v2jLo^L«JI 
d mAj (J^>" l£L?**' ' 'ill C-a£jS tj'jj-i SJlA j-l Jtaj (_£ lilLfljl £l talr L^-aJLa-"< r nl 
■*■ la i ■■ /^i^. J-J^J (J-iLA ^jISj-i *1j-<j_>J1 d * 5 ■ II £)l »l <aU h ^j^->* * £jla jL9j 

^j-SIJH jLt-^jJI (3^J 'f*,5^ 0-° 4^4^ L<i_i£ j-^>- 1 /?-^j (j-° d 1 1 1 in u. t^j" ' i'U 

I i a Sj (jLSj_jJI Sj-SLa UJ ' '"'"jj ''^^ »l ilf (_)ju>. iSJjjla jj1_uj/ (_^J-o (jr^- 
(■ i I ir-i fi ' " > «Ij_*j>JI 4jlSxI I (ji ij_uaL>J! CjJSjJ! ^ 7U>-ljJI mJIjJIj . LjLi 

' - ' * ^"j 1 jLa i L$JLL*_« 7-J_u3J J-^-*-J J uldJ ^tjjl I JLAj *(J^"< I ill! ^JV ^—3 (QJLC 

jJLuj A^LaJI Cilji (J^L>- jj-p L#J^ 'J-?^' tyJl^l (jJi SjjL^JI 3jjJ_>JI aJJt 
La^j i n a (—3 ^1j-q_>Jl 3j-jj->J1 JL& LLaLujj . Q5U1 iS-^J_3 'J-&~ LjjLUa_u *)\\ mi 
LaJ_t£. I j IS. Ij i0jji»-o j^C CjJLujjIj i£j~ '""^ 3^- (jr^-^-' O-'! ' " ' * ^"j I L* ' JJ 
«Lx-Uslj Ji^jij ^ia La JU>. ^1 L^j-aujo 4-iLuSL!l a^jJiJ! ^La ii>5^>- (Ji-'-i ' '-^ • J~ 



t_<£j^ (jLa idj 1 .in i"ill 3_cjjjj>J,| t_j£lj£ jj^I jj* ^j" uiXI t_i£j£ (jl^ lil 
plj^il JLLa 4.JI jUajVl uJl>. jlIs iJ^UaVI (^i^ I^U-vt jj* Saturn J3.J 
(j_a 3_JLjt 4_j ' La j — i 0-j^>. .t_il JU>J! J-jj-aJI d iS i"i 4j J-j-*1j LL u-ij'C 1 iil'tl 

ij-c ju>j V 4JLa Sjij^J.1 (>jJLi 4jJI LJjJaJ lil Lot 1Q5JJI 5_u-AJ cjI ?I-»JI 

<L>-j (j^ Jjs *' C 1 -^ Xi '.*' 1^*'' aLoI lj-J>J £ ^i>*-" CjLiLsJI oJUt jjLjjj 
iy\-i 7^j>.Ij-jI M^lj-Jlj ij^^-j c_ i-S^S (J3^>* CjLo_L>JI i>j_A oj^Sj ' a-iS ^j^tH' 
jjj ^ jjLjj cLcSLIj i4J SjjLj oulS" ^pJI jLtsVl j^.'\ LjLSj L^j I tiilAJI »Ulr 

^j^Sj ^jl tillii ^^^ ^H-LS i4_La * jj^JLj IjL_u^3 cu jJtlj ^jl jJjL^ LoJ_t£. cLu^Sj 

. j-j_4-^ (3^J tj^" 3 (JS mi /^ 1 il 1^ ".tlj fibjj ^1j jJLajJI £jja j^ijjuZj j)LLoj jj-* 
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i^H-»-a jj>- Vlj *_a 21 L^_Lgaju Cj Lc^_<3J3e_a (j_a Lr^j *— &j£ U^-** ' ^ 03^-^J 

I (j~ ^jJ 3^-^V cr^ liLP J ^ ^ ^^3 '^<3<3>l^ '-^^ U-yjJ (l)^ ' '-4j 

«:ljj>.2l jjjGj .i_<£jSL!l (j^j *>f^ ciiLal i no ^1 jQxj L#JI *_a i LgS-a-m 4iJsj 

t4_o*jL>J1 *1jj>- 2lj 4_)jLaJLL) i3j-ui «Lcj_*_uj <J^j t— Sep di\ flL> ^j-o 4_jJl>.I Jj1 
SjJij^ jl-c^l Lj^ (j -0 5Jj^-° CiJlS '"'I 5_L>JI oJUfc (jl jj *GjJL>. f-^JJJ La J-*J 
LgJ^Ja Lai JaJLfl ^p-* ^hS I 5 ,_-j|a-3c I <J^>-j '"" flL> i ; Um j jJLj iSjJJLLLa 

^J ^ <Li ^j>. jj '3- °^ S- "£ Lr^jj *->-*-* 3-^P l— dJI 275 jj-* * ^^J-^- 3 "-* f u-i3 

t » t-w!lj j g&xtaJI jj_a 4jj^j-a Sl^j «Uj iA^jJUl ^j-a CjLsLLajj fiLu^Lj-* JjisLLaj 

29 j 5 (_Li (j n g i"i II (Jj^>- 4jjjj J^O C s -y_3 • ^-^f^' <J-° jj "'^ "-^.j** ' y*'i~ 

l£j"< i till c*£^i Jjlj ' d * i <a ^i-^j_a jhS Q^-lLs 1 425 ^—ll^^. I j i£ Jjljjj i<3_u_u 
5) '"■*" j gkja ■ U ^a d ^a s I4jCjLcL_u I _' a ^ i ■•'* 1 ^Jj^- jj ) I j Ag-1 iJ) 5j 
jLi-3 2l tfJL&j i uJaju I ^ Lgaj * * 4_LajljILa «L<j_Iaj_La j JLu /^-Aj Lr^j (-l^-^* f-?'J-* 

joJj-aL<ji 4_LSLIj i^jLc. <_a^Lc. 4J (_gJJ! t^-Sj^ i_g^ ^^p-^' j i stl-^l'j* ^^ 

jjJLj L<3— Llj iC-iS^SJl (J'JJ-^ 2Lt>J! ^j '■" i ^—b jJJlJ jLj^ 2l aJ^t {jja gj ♦ i uja 

■ (_, i n^f oL>ol (^ jji/L«JI 

( _ ;r 3 (jSLIj ijSJjiill JLlo ifljljjlil Sjl J I nil l_j£ljSLII JJ>.| Jjt L^j O^ ^^ 

d-» la . .. j UJ (jl^ ) ^' a i ill «H 4 uiA ' jl"'^' a ^j"J '^Jj^ ' . '"^j^ ' a uiTol 1781 aLc 
c-tS^SJl I JlA^jluj t. ( i ( nj .sLSjjj p M Lca3> ^l^-ual 4_u£. ^j uS> ♦ n Ij-jJLt-a )<_a^ijl 
* Jj-^-J Lo ^t (^>J-o jljS ^j^lLo 2860 (—Jl^^.) ^j n o i"ill ^^^ f-j-uLijI qJju ^Jt 

jJsj i^LjJI c^jSLII iii!i Uranus (jjjjljjt s-^>^ (j-'l ■"* '"^^^ -i'jij ^^-5 

CjLa^JjLA SijJli JLo-^JI Jjj i ntl jj» i -iljlj !M-J - I i '-~' a CjLi£j_o (JLj/jI (^3 (jjSLj 

. JLjj^il i_4^jSLII I jut ^ 

*Lijj_«JI 4JljjJ 42jjJa (jl ijjjjjjIjjI <_^j^ j^c isjj_«JLl ,_jjL3_>JI JjJj 
(_Ll«j Jl i4 j i im i"itl 4£.jjijJ,I (^3 jji-l i_iiji (_gl j^c L^j J_lcjj (j n«a i"itl (J^a- 

.liilj (^ I. 1 J 1 nil l-Sj-ilJ (jl (jj- 5 '*>f^ ^dj'j^ lS-^J-"-*-" J-UsjJI (jX. Oj^itA 
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^ Ls&£ cl^-^* ^-* J - L ^I CjLjjjljI jJJU L<ij t4J^>- «L*jI^j jJJLJ L-s-^-J j'lq uiJt (J^>- 

tj-M i ii UtJ (jLLul jLc (j-^ L^^-*-*- 5 ^*_u5j_u t_£^>- l_3^L»j jjjj^jIjjI i la eu sc >a 
SLLaJLil jfrgc-naJI (j-o i_iSjIu (_gjdlj ifc r aj J aJl ( _ ;r L>.l Jill «j->JI (jLiiij (j^jiJI 

4-j^JLo '^j- 5 '70 t_i£^SLll lju» 3jlj^>- 'L^j-jJ k- Lpj . (jjLui! ^j*-*^ T^lfULi 

» La 5 * Cli_iJtj ^j n o Mill (J^>- ujLtia_u ljl Jla d uiAJtJ JLssIL] 3-Aj n -^ < aJI 0->»J 
*_Lu «Lcj-*_uj I alLaJLq 4_lu3j 2I Lulj '< < n (j_« «t_u_u 84 SJla (_£ i3jL>-1jJl SjjjJl 

. 4_uL±]l f^°! JIa ^i^ 7 
(jj^^n (J^Ia ^y^- i3ji ' n"i" jLa^l ^ 1 11 "» <j- u > 1 'jj' S~5^ -lii" (^ j^Lajj 

jUJI <Ul u£$£ . . 4£mi 

n_gj_<iiaJ! JStll SjjlII IjI LajJl Neptune (j>^P 't'^j^ i_al mi'^I (jK oil 
| ? I LaJI »l <ilr Oaj>. 2 !il . »l n 1 nil ( _ ;r 3 ^MjlS ojLloj (Jj3 oji^v^j jji'll *u Juib 

^j ■■ a ) (_£ c_i£^S -i^>"J J-*_i L<i_tB O Li jcj 4C-uj-jIL!u «LjlS_a Ij_}Jl>.j <J^j?e_« 
4JI /«_<-ul i^LUI (_i^jSLI! I jut (jlc (jila! JL3j .J-lS <j-a OjJJL*. i^JJ! (j^i' 

(jjj d j uu (_gjdlj j-j-*il c^jtLJI j ■ v»a. VI dj^j 1. 1 j 1 nj njLojjJI jlI^. jLaJI 

icjja->JU (^ 4J3^L«j<JI t_j£lj£L!l j^c L-itiej V (jj-^ c r*^5^J • j'^ 1 '-^' H^ nC ' 

AjLC (j-^J HjLLlII jLc (j-O J-^l *^-*^ CT^ "5^ flj^ 3 "' (j^ *! '^ J ' " ^ uJI 

^ 3e La 1 ■■ (_^i^. jj'^iLc ^ilj oLjIj La .'-aVI Ji^^-J 
4_L«LS 5jj^ * La^g^ t^ n mil ^J^>- Ji^ 3 cSd^ 3 C7^ tJL^-^- 5 ^"3^ J » ' " ] 3 

^j^Lu JjLJ ?*-LuJ * ^LjJ LlJ 1 ^—5 J^LA ^IjS 5j 5 ^*-Lu cLCj-i_UJ 4 4_LL£3J I «Lu_o I 66 (—3 

d -»- U . ,. ^^ 3jlj_>JI «L>.j.3 ^-Lu (CJ (j-°J i J-^- a ^M ' tj^rr^ 3 4800 jii^ Mill j^^ 
^-se ■ ea 1 1 ^j^ljjjjj . . ^jLuiJtC ^jlj-4^ cu^x jjJUj 'j a • * 'I 0->o 4j^_t-a «L>*j^ 220 
i>JjLj - La 1 ■■j**' rt ^-Lu (_£Jj1 j«j5e_>JI j j* 1 -^'1 JLjj-uj J-^-* J'J^ '— ^jI 350 JL*j /jjJ^. 

. >IL« a uS Qo_lL« 8 c-tSaSJl /\tC 
idj 1 .in i"ill 4^.jjjj>J,I ^j^ 4_cjI£JI jLi^^il (J-2jI j-A njjlljjj (jl J 5j « 1 1 (j-oj 
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.(jVI (jH^»- O-Sj (_gl ^^ i_2^LiJ! I jut Sjjj o^f C 1 -' *^' eAj 'LS.y*- <-2^Lc 
JUiuJ JlJJ-U ^A-^9 t ^ d 1 I il ilLi 4jjJl$J2j 4S^j>- (_£ (J'J J I il ) (J3^J-i U. i£o£ lj-a^j 
K I in a dJ I i ii j j j ■» i,j;j_j!jJ! (^Jl 4_La (JJjl '^j; 11 <_,!! t_j>s5 OjljLa j| ^ 

i^ILa ^IjS Q^la 2 cLbLt_u_a ^—11 Qo^J-S U- t£^oS (j_a * }jIu2Jl£ CjLujJj (-J! * ) J^I 

• j^-a ^hS Q^jJ-a I 4J3i i nil 0JL& *-Lu jj-^ ^-^ JUtlaj jcj 

Pluto *£rf I tai£$&J t . . $d $Lj 

4jjl»j Loj iJijj-u^I t_i^oSLI! Ijut j_ol (j-o 5>^>- (_j-3 LjiiaJI »l air (Jlj La 
Qo-SLj (jl JLj ^Lfl iSJs^LajiJI t_i^ljSLII iLJljJSl jjj-u ^^ 3-J_$J3 OuIj La ■ *->! (j-o 

. 3_jLiU 4Ll2j ^jLkjs (j-o Q5SL0 iil«Jj 'j^>- *>t^ 4iali^ 
3-^.j-> 220 i_t£jiLII I j_a Jjj-3 2 U ,„j" II 3j|j^>J| 4j>-jj (jl Lulc I jlj 

m£ ^jl ^1 tJj-LLaJJ j d ' all «L>-j.} (j-° '^>- *^1>^ C-^-9 t vAx^ajt 0->»J 4j^_ua 
2'al"X^ ,^,al i_Lu jj| Jj V i4_LIoLi ( _ ;r 3 jl cLsclauai (j}3^ f-\$J-" *L^ Sjia^j-jjs 3.}La 

,4iV<< 
J_La i3j-uS .sLt-ajt *-^lj jj»a 3J5I1 t— iSaS jl JLa 1 £J Lflll si air t. i i u3» JL9J 
iJLja ,21IU~,„VI j_u£ iLii ojljLa jjf i_3j|jj«J.I (j-aj 1 1929 aLc (^3 eta I £u£l 
.3 j,iq ,"1 ]\ <J^>. 4jjj_} aHj 3-Aj i J H- a ^tP UL^rr-* 5880 ^j n a i"it1 £j£. 0JL*j 
(J-uSjlj z ^4^ t^ n <i i"ill J^c I Jl>. 1 Jljjlj 3J5JJ c_*SaS (jl^ Lij . 4_LU3jt «Lu_u 248 
jJljj J-Aj '^-° _J^r^ I 0500 (_^ Jjuj V "j Laj3 (jlj ib-aLi. I j~» uil (j-o !^-jJ^ x\ 
4_j_Lc jjJJol Ijl^Jj ol a 1 11 II 4-SL!L>- »l <t 1 n ( _ ;r 3 ^ ^j 1 a a 4Jaii JSLi (_^i^. I— LT 

<Lj-La-C JL^J i«j3 Jij_<jiI •» U , ,. j j JJJ^Ll t_i^a^ (ji LjJLLjJI »l qlr JlZlkjj 
^jlILlLIj Luj_a zl JlLa JLa^tHJl ji tgUjj i nil «UL>. ^—5 Cjljlx. ^j-* d ^j-Q 4-g-Ja 

^Lcga-fl 4_Llqj_u 4_i^ (^3-^-J LaJUX.- JLjJLxJI ^J 1 £LU ■• X I ^—5 Lc_lj-Aa_ul ^Jjl y 1 nj 
t4-jj i ii ill 5^_jjJlJ1 )t^1 J ^jl ljJ-uj zj . .jjoij C-tSoS ^—11 d j sej rt i^^paj 2l C-tSaS ^j-a 
^ JUi-JJ V il i2_U»jJ| oJLA Jlaj aIj^II LJjJUso jj^l «^!jjJ! JU^I QaSLu^, 
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2 a I c I LgJ (j .i j 1 (_yJ-JI 4-jjl <i i .ill aIjj>-^I (jl ^1 »l <iUll ^j^*; t_xj*ju 
<j-<_] (jVI Sj-jl i ii tl QjA-j l|j . 4_j^>. Cj1_LjIS I jj^** (jj^d o' (!<"'*-' 2? i4j^>. 
LgJ I_cjj^*_o (^ JJsVl ^yic j<u>j (j^jlo 300 (jJl^v j| j_A itiLLaJI »Ult- 
(JJ-SLj (jl Lol ajjcJJI OJU* (J^>- JJJJ Cr^' t—iSljSLll (jl Jiaj i*Lu£j£ 4-a_kiJ I 

.gU-Jsj VI LoLirtj a g-ij "■ 3l_o~ I g-ilc fo-i-SlJ ■ ■"' (jl (jSLxj Vj iS^jj-JI sU^jLJs 
JJsVl (^i^. /aj>j i_iJl 300 (j-!l^>- i<Lu£jSL!l 3 ^t^'.Vl clA'± aj^xII oJ-a (>u jlj 

(JS i"i 1 SLp* a I y* ' ?r 1 ii" 4_L»_j_LLaj1 L^jijJaj L$jj1jj>. «L>*jJ t S\^ I j * pj JL9 

•>=^ J ! 
»l Lta-d-Jl (_^ (_Jj^i.l 3jl_Uaj>. Lj-!L>- tiJLut (jj£j (jl » . U 1 1 j jjSLnil (j-oj 
(jl l_iJ*_jJ-(j^£LII (_yi ja-A-iJ^-J Jjjlbej (jjjji-l «Lpil (.gl (j£. 31- Lie i .'itm 
*(Q-#-J (Jl ' eaj 2 1 4JjL»_a (_3 LLtjvl^j Lxgajl (j^t-J ^3-^-1 

(^a 4-£jJI djLolSLILi JL^a3>U S^L>- SJjUt^j (jLuJVI L&ls ^ii 3j_o JjI 
IOj-j^jjL. 2A\.~M 3l£j1\ c.nlUl Loj-^i 1972 (j^jLa 3 ^ c*jl£ hjj^' 
. Sj-xjII CjLjV^JLj (_£J-Li£ S-^ Sj-c-La (j-o Pioneer 10 
i I ■ -^ j * a a* p v^i ((/- ll '^ a j-j_Hrt_a» (JjI (__A I j-j_]^_]L] C^jLS jJll 
t4Jj>.jjl (_^djJ1*j (Jlli SjLo^^Jl d lajLLtaj I OjLSj t(^g^**( i iill c_ii^S L_al miNi i u2 

^j-iS^S (ji_j 4 > i uL-uJI 5-BJ i nil (^^ j i""im (_^lll 3j_uSL!l cj LSLySL! 1 llIIj ( _ ;r jt 

• (j-il i<-irill (j i-i" -»J, I j-oJj J^ l-4-a n_gj" miUj j'i^' 
(_11 10 j-_j_]^_]Lj (i(_jLUa_aJl j-Qr^J,!)) (J_t-ajj ta^ i n i O-4-i 4JLxjjl (j5*-lj 
(^-3 4j«_lLlLI j^lj-a (jJI oLayLdl JL-ujIj cLal uiSixml Jjtjj 1L gj" miU <-£^ 
(^iiaJj J'^jt dj i m «a i"ill 4cj^jJ,I TTjLi- (_^-ll " w ^ uaAll jjHiJLl » >tijjl i(_p=>j2l 

■■• j i aj I JtSL&j i3x.LJI (^a jUa^L^LJiJl 40 L&jjLS 4^,j i n; i«LLll *Li Lo ^1 
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l^gjuJI u^a^JIg 09SJI 

0j_i-ajjj (jlj JU 2i i 1 j-jj^ju pi Lea all j_Qjt-a (jl ■- 1 LgaAJl »l air Jualla la 
CjLuL£s_ajj Cj La^ I * a L^JjJ * J ' ' *"* "^ 0J-& (jl (_paj»dj iQ^SJI (_3 La SjLtiajv 
Cjl—LiLSJI (—Jl . . (_paj 2I (J-&I (j-a «UL_uj O-t-Uaj jqj (j-a J ' 9 t^a-aJl (_J3 j d i ■■' 1 

JjLjjJI 4_uij LgJL 5JLu/jJI aJJt c.riir-ij jls j . (jjSLJI u^ l$j^-*\ 3-i^JJI 

Cj\ La j — II j jLa_J! oLus (^3 ( _ ;r liljj i<lc.jL3 CjLa-La-j ( _ ;r 3 «_Uajj O-iLS (jail 
Lcl i n"1 j-oS1 liJ mi z g I Ja-dJ I - La ^ se rt (lA-^9 ' "-* ^J^*"" ■"■ LfllaJilxb (jl (J-al_) 
^C 2 a 1 1 n a £j\£ Jl9j .(^paj^l Jj^ i La j gg rt U?^- 1 tJJJ^ "-* '^1 ii; Ll-fl>J_a 3j ifl i a I 

dJ_ilj_a j .(jL>.L<-u (JjL^ (j S. ^j a"| ^ySi <v»Atl jaJL«JI iSJLjijJ! oju* -i j i ■ aj 
SJL^jJI <.-m>ij jiiJj .(NASA L-ul_i) SuSLj^aVl *l_Ua-aJI 3JL<a ,jjj tiLjj 
23x15 3JLu/jJ! (<s^>- ^-Luj ' 10 j_j_^o-jLi » I i^aAl I j_jHiejs (jjlj-ai jjjsLc (jj>^ 

(JJut-a (jl till]} iAa-u_ajj 2lj c_<-AJJ1 (j_a 4£Lj_tu_u (j_a d c j Lctajq (j-^ t ^?"' oj**m r u 
(jl_i »l a UJl JlSj * ^ t(_j>-jL>JI plj-aJI (_3 \jo- ' aaJ-ua (j-ujUtll (jjjLA (Jlao 

.(j\j-uA\ (j-u^M-l i«Lii (jjJ> J ' " 5JLuijJ! I gale ^".j^'t I *L»^al!l ojla 
(_gi (j-^-jj 'o^J^' S-~s-^ (jL5Luj ij\j 4Sj" uiXI 4JlULj 5JLu/jJI o-jjS jlsj 

./<sl*J! 4JlI L^i! i(jj^' cr^ ^^ v^jLuK 
?4jjj_«JI SJLu/jJI aJJt CjLj^1»jj ( _ ;r jt La (jSLIj 
3j j Cjl_j^IL»_a jl i ii jll (_^-lcl Cr^ '(' ^-J'C i"i) OJj '^ II (j_a ■» ■'--"_' L«^ 
,j_aj . O^-lj (j^jjj_lj O^-lj (jjjJi^JI i(oj£JI cr^ ^J- 5 ' ^"".' iJ^JJ^T^' 
2 1 ^l^s. I j""^j a (J^ia iUSLLj/V '"'I , '^;' - ' '■'"'« j" (j^^JJ^rW-^ ^J- 5 L)' *-2_J>»il 
4-uL\II ,^3 4-Ltajj o^ola 1420 L&jJLS 3_iJLijj t(4^l i nil (Jilaj J-^j) j'nj'ii n 
. "ial i ii nllj (j^jjJJ j-aj (jjl ' £]l ' j'*» i(Cj^jJI Joaj J-Aj) 
(_paj_ijj nJjSLII ( _ ;r 3 Ij I mi" 1 1 CjIj jjl joSI mj-* LJ^-JJ'^tW-'' ^J- 5 o' *— 'tP'J 
J i^"t (jl A 7i " r I (j^ sLJLa i(jjSLII sLajl JS {j£ jaiaJ V «uj_LflJI Aj^jiia (jl 

.3JLu,jJI ,jji *>=JI lJ-& a^4^9Ldlj 'I w t| ijjs.It-^a^wjlMyaSa^JJI i^jLuKJI 
/aJSjJLi JiU-i jjtj) 8 Binary ^1 im-kJI ^LiUI (OjJI J->>J 3JL-ujJI (ji-aj ^c j 
(OjJI I JUt ' .'J ''"'.'J '-"^ i^ajjl jooitA (J^ia JJ-ao (jjoJI (^-^J "r 1 ' ' <-fV ('000 
^**(aj**tM ii I 68 ^jLJI (j^Sa£ 4 (j-i_a_u_u_u 21 ) (j\j>*jjJLi^jl 4j>*^_a (J^la cLbL_ttaj (8) 
Lai ,3ljJLIj /L-xjJI 3jj_t-a ' alj» L^_a_i_uj JJLu (jyoJI fil ua-AJI 4_tij-a (J^la 3-Aj 
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i4u ml i"itl <icj^->JU t_j^lj^ (Ji-4-1 (j-$£ iSJL-ujJI (JjL-uI w a J (j Laj (jylll JjljJ-I! 

(j-o jJjjj .4n iTitl t_i£ljSLI! I J *ji ' (^r^J jl i njtl (j Leafll ( _ ;r 3 (j no i"itl j j Lajj 

t_cSaJt) (j u ["ill (j_« ojQjI c_ii^£j1 jj-* (3*Lal ~^ p tJa-Ajl j-tHrtj (jl «UL_ujJl 

(jjj ju_aJl c_tS^£JLi j-a (j I Jjlj d j i no ilitl Mji^jjj^J, I J}"-* 3 - 3 (j-* 7^J J> ' c*- 1 '(l>^)* ' 

. ( _ ;t j>. j L>J I .- 1 LtaAII ^1 (jlLa >lj i(t_gj"i Mill t_j£j£T) 

4_jl La_Uslj L^JjJa jj i j a i3Ij_LIj (J^>.j_I! ijjlaj^l (jls i ii L>.jij^j Lol 

. . (_ui-ul 0JL] f-^J-i cJ-^J^' "-*' )""1J**'* '" I 68 ^1 ifrl LaaAjl jiHa U-5^ 3 (J~^ l^"** 
j-jjij -rl taAll (^a 5JLaL«J1 ol2^L>J.I ,j£: C^tJI (jl C^p-j ,a>LJI 4-o }Lc 
lj_4 IjJjj«_j (jl La-jlj 'I ''" all si <ilr JjLxj I jj .(jL^ij^U /euJLS j«JL>. (jx. 

Voyager -22-j^>. L_ja 3^-M i<^>VjL»JLl oJ-* _>»-T D^J .5JL<J1>. ^1 j«J->JI 

J **' q J rt Ltiaj Ij I 0-j-j_j^_] Li jj-a m a Laj j^S I (^-Aj ' I 977 ) i o "1 1 1 n j j ■"■ (_J3 
Lj}j| idLiaiJI ^ a j uuxll c-^I^SLII (>J^Li Ji-I J SlsUJI 3l_pJI ,j£: li^tJI 

L^JjJa itaL^o 2-jj>-Lj^3 » La " i— a j i n'q ^ nUtt oj*-JI TtjjLj ^ ^^>-j ij>ka' 

(J-^al^j /qj td j i ii o Mill l_Li£,^_4^*-o t ■ ^ij^ J * 11 {- II /J ' gal] j" rt j'j^ UJ_ rt .-ftftO 

(j_a (j\-j^LjJI » La S " 1 4-xSI Lta-flJl LjjJJLs- 77jL>- i_£>^-" LgJj J ' " ° liilJ Jjlj 
(J-AI *l J_LJ t. i j se **< i ii " C ^*-JJ■ CjLa^iit-a ^j£l (jjlSj cJ - *^ -5 *— Aje '" ''"'lw*M '^ 'I 

.o^SU iij^.Vl ^LSt&L, JL^VI ^ ,>jVl 
4lu» 3-lL.uj ^ J1*1j h^jjSLII 3i^jJI a JL^J (^JL^jyi i_JL>JI (jl «Jsl^!lj 
jl^J i l_Li£j^ (J-*l <j^ SjLu (<iSLI L^LmvJ LjjLpo) Jj-2j (_^II 3jLalLLI (<u2l 

a>< in II VI (,< in'i Vj t 5_iqli,i t_al JL&V 3jmq n,]\ Llk:j^^a ^J^ LiiiLsJl 

i3i^.jJI j>JL^J j_uSL!l (j-cJjJI i_uL>JIj .,_p=>j^l i_^j^ jjjLj^ «LU fjjlj jj^I 

a A ,^.~.<l Lo <ijju>.| jjIUjj 2-jj>-Lj^3 I jli — ' (jjJI 3jJ Laj 1 1 3j^>-2l ( _ ;r 3 (j-«SLj 

4_ljjj_1SL!I dil j i uLa. 4" i ii I j j I c i_3j_«Iijj i^jjj^pSLIVI Sj^jv 2I (j-a («Jj(JI 

4_L%.j-JI i>J_A (jl 4_jj)^_] CjI Jj^_a 4j^Ij (j_a I j"' a ' la ^\ o"! i n" Lii i(^j^_u_a^i) 

. ^ 1 »%» ATI j . ^.^ ^^ fiLujJutJl CjIj^?e_LLI f«-Al (j-o j-jjjlj 4_iitjjLjl 



^_i j.j^_tS ) iViil (jy-"' Sj-Lt-t-caJl aI i n^.^1 (j_a 4_ljjJlI1 MX-^i^J, I lilu (^ 



I 
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l^gjuJI ugj&llg 09SJI 

(j-o ■ .'j'^'; i_ / ^ > *-j i " Asteroids CjLSLj^SLII (j-o Joj^AJI I jjt (jl sua dUu V 
«Ljj) j<u-ul liiiill »l sir I g-ilc (jIUl iCjLSLj^SLII (j-o 515L«JI ojutj .3j i n ^ uJI 

»l_L)f '"'I 5jI ''--'■' J^wa ^J *CuJL>.i La i. i j i a-l i L$J Li-ji IjJaLa La_LtC (»l o i nil 
-j-uaLsJ! OJa^JI ( _ ;T i>.-i_aj^. JLaJj .oJUjjJI *tjjl <i i nil aIjj>. al ^jjj^ij CjLlLaC 
Jl>.Ij ^p-* ^nS (j-u L$-sLstj>. I f^ljla diLtSj^SJl 0JL& (j_« Loll ^j^J '"■'" (j-^'^-** 

L^JcSLIj L^ia c>j>U.I dJLLa (jl sUJjtJI jJlc 7^I>II til>Ilj '><-o >L£ 800 j 

. L&JLt-aj (jS_4-s X tiu_ijtj jjLLtajt (j_« 
Ol **' a II (j_« gLcj-qje-aS t(j u Mill (J^>- J'^*-* Ly^ CjLtSj^SJl £J_A jJJUj 
ro-aj LjlA-ixIa -n ^ aj /^ 3j-j_>Jl t. m i n" ' g I LgaAJI (_a <buLu Aljjal ..(_i£^£J1 
i LAj j iSj LAj J » ' ^ iCjLtSjjSJI 0JLA p la * rt j . £i oWTI j-jpt-i 1j-iJ (JS i"i"j I i ii 1 
(^JUl ^_A (_LS-j p J *** I J-A (j_u_jJJ t(j no i"ill (J^>> J ± jS ukajj-tHj (_a «Lcj^_a 
tfjlj-o 4J CjLtSj^SJl 0JLA (j»o 3jL>.lj (J£ (jl (Jj t(j n tj i"ill (J^>- Ijl J-« 4J jJtlj 
4-LaJlj 4jI 4cjju>J,Lj 42aj^j V LxJli t(j n <i i"itl J^>- 4-ja JJJJJ 4j (_^sL>JI 

|_^3j_iS ' ^ -»" j«JJ iJo-J^ ui II jSj—a j>L>«jI ^^ CjLiSLj_jSLII JJLC JLjI^jjj 

,3j-«-j I jlj>- LoL>.jijl (jJaLlLI ji^l (^^ I j ^"'^~ '^•j- 5 f-^P * <1>^_3 ' W^dj 1 ^ 

1— a^l ir^l (jl (jj^ CjljJil dllj uiC l-^J^Li. J-4-! (jl (jSLoJLl (j-a jl i»l infill (j^J-u 

(jl 4_lS-LL1I cjL^iIjjJI (j^i •» '*--"l Lojlc^. iCjLiSLj^SUI ajjt <-.a ,^,~.<t j^^ 

,_j^IjjJI dl! j )«_o (_p3jL»jj sLjj^c JJ-jJ 'l$J~ "**' J' ^^J r^O - ^' j' ^^ Cf^i 4^1 1 "U 
j2jll IJLA ^j ^j.no Mill 4c:jji^J.I (^3 (Jjjs.VI (_4^ljSLII jUjI (>u /<uLi!l 

'■^ '^' ■"■ ' d uujSI .^ J I 11 Mill <l£.^4->JU ALklll (_-1_uJl1^jI J^i-u LilcJ I JJU J-LoHj ^C jj I 

.1801 ^Lc ^ Sj_o JjV ^LSLj^SLJI 

(jlll h^jLiSLj^SLII 0JL4> Cjljljuo ^ ^lt^~.'.VI ajlc: dliill »Ulr iiaa.V J^j 
Cjjju>. (JLoIo-I (jx. (Jjl 1 ."ill iju Lutj i=LiIL«j(JI (j^j («JLc ■ t- 1 "j aIj^LS jJjj 

<Ii 1 .Till 1 i^l oSLII dlljl JL4J CIiLiSLj^SJI fl_Ui dlljl JLa *_LdLc3 u 1 1 n_l ."'I a I lUi^-il 

Ol 41 Jiaj a 3t I i>JLA (JILa CjJL>»j (jl u^» i"i i nil (j-a (j-"jJ ^1 ^ 5-uL>J1 6 *l^L? . '' 
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(j? il iJL»l>.VI I jut 7t>-jJ V 3j<liitl (jrtj|jji!l (jl VI h^jUjV! (Jjj cJsj ^ 

jl JLo (jl LaS i JL>.1j ^jluu (_3 I j*j »3> Jl) J_r»o 2i j^j-jSJI t til^aS-ll CjL£j->»j 

l_gi jl J_a !_gj"i i ii a u^ J I (_p=j 2l t_j£jS j'-^ L?j" i n a ( _ ;r 3 «_2j V t_jSLj_ji (_gl 

j>jIjl« ^^ <_cSLj^ i_!jHa!j iiju>. I jlj . << j i m o ."it! <Lcj^_>J,! ^& j-^-l S-"3^ 

4_al i ii <n jj>. VI J}_a^ I i J '" JU>.ljJI j hji ii (Jj !>LiLSjj (jJ I 1 j ' I '*» i(_psj2l (j-o 

. .•! ■ V»*tl ^fl «LxjLcoJI f>\y& VI oJUfc j^c oLaaLtXI *_Lajtl] 4 Ij i »j JUvjj Vj 
J)Lt-ajVI JjjjJa (j£. (^jLaj>J1 CjQ3 y-Lgj^ T u VI t^^"i i iillj ?t_jjJU (-jSoS (j-u 

.4ji<->jal 3j^-!l 3-5^ <J-° SiJLuil 
^j-a j_a loLSLySLII ojut 3jj/Ijj ^ iiiilill «Uic JjLSj 3 K £u a Jjlj 

4^jji_aj SjjJLi^iJI 4-ut LtaAll aI i ii-v 2 1 o jut (JK i"il 4jji!jJ> 3JjLkji (_y^ 2_'j« l^ji 
IjJUS sG-bLj^J =L«JU>. *-Lu frl LaaAll ^yfl p i ii-v (_gl (jl <_2j|j_«Jkl (j-<t3 . L^ij^S'j 
(_Lal^c jjjli liilij i^ij>.Lc. jl ")L>.\ (jJ Ljj^ ^^ ui JUajj (jlj JU V i LLlk-o 
<Lut-ula.il 3-uj)L>JI ,_£aJ3 J-«JtJ («j ^>t" "J 4J^jl J^ MiTi'q i<Lul jJI <LuJ>L>JI 

IjlSL&j iSjjUJI ,j£LaVl (jJI L^jLi^ <_i jl>j SjjLJI <_aljlaVl pjU^-'^l^ L&ls 

t- i\ LgaAII p I n~»J1 ?t-i-LeaJ /jy-^>* 3_}L>JI L_3jJ>.VI 5jL\**( I ill (J^. LlJSJjjG (J-a_*J 

V I j 'La i4_iLil! ^j&j>JI Sj j » i a L#J Vj ioLiSLjoSUI aajj_iiJ 5_< ■ ,i*JL Lai 

(<u (j-oj ' I jj a J-JaJI (_Jj^ (j^Lt- U-uJaJl (j-a Lj IS i ' Lo 4_uj)L>JI (_^aS (j-o i-dilLa-i 
jj>.I JSLZu (_gl (j,!^. J I i<lLuaILi ■■ a J I sQfLa jl cLuJLa jl cLtj^a CjLiSLj^i tiJLL^a 

. L^j^oSj J_La 4_i£ CjJL>.j 

^ "" l)' "-^ ' d q lall ' rt j-££- (JlS MiL-i CjI iSjjSJI ^j^** ) ^LjlS jl>.jjj 

(JN mi l 9 _j ' ga 1 1 (j ii S ♦" d mI ,^ ATI a! i n-h. 2l i>J_A (jL^ fOJ jj-aj gLj^**i i u a j-;tC 

I g Laa * * (j nN ♦ 1 1 a m t£ ' g I i ga d 1 1 (—5 7t_j_*_uj /^-iJi aij^^/1 (j-^'- 1 (J^- ' ^ '" "" > 

^ n'C «J V L^la jj>.VI ^j^-« l!I (jl JU>>J i4Ji^tla SjUliJ 4_lL^. 4iiaLcaJI SsLuaVI 

.^jj jLSLj V tsLi. Ujj^ VI 

i_a^Lc «U (j^ijJ (_g JJI-i_<£jSLII •» U . .. 3_J^ (j-° =■ J-LtaJ I (jjjl£jul 5a^ i_it3jluj 
jilajJI (jl JU>J diljdj i4J^J (ji^-J TtJa uii! 5JjSUI JiljII t_^>J (ji^.-^^. 
4j>-jJLi idjlr 2Ual , „ll 3c.LuaVI (jjiSLc (jlr jJ>La J_lL>JI ,jj5 ibajiaj ^ ta » 1 1 
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. Ja_*_u2(l j~- l^jI jj_a ,_-«L<_u_a •»■ la i ■■ /)_« >-*^l 

i JLlL>J1 Jj-4 d S da > 31 LaJi ^ L^JLi < 1 ^* a I $ jJ2llc\ «L>-jJlj L^_aL^ta*l x_« u-u-uLub 
(jl—i si ^ j c jf I /^-IJ ^_Ai_C^ L_4-«3 i Ll^L>. Uj_ila jj-uSLftj ^j^>-l CjJLAj-tl/ "-q-Lu 
«L>-j^ /^LC- L^-J' jl i3?.LJaV1 jj-uSLftj 2 4-iaL.u.a jjj»_ua jj_a (jaauLJ I S'^J) ' " 

(__ta*jaJ CjLa^ VI tjr A La 5 j j « i ga II 4_ul_JaiJ1 a! i h^. 2I £j_A ^U i4luJL>. 4_jjiaj 

t(j;j **t m i U j 7tj>il Lr^J^^i 'A^J^ tl>^ ^5^ (j' l>^>-^ Cr^ i J^ c -^ J ' lP^ 
JL.La.fl jjJI d ^ t-s^j «L) ^^ijt-J^^E-a U-u-uU-j l^t-QJ 1 i—jJl>. aJ 1 1 g I L^-U '*■■ (J«J 
. (j-o^-iuJ 1 <J^a- fQ-lalLLa j-J^. Ja_jj_il/ ^—fl Jj*-^ CiLo-j^S C-t-Se-t^tal SjjLtlLa 
(J_jJ_SJ1 <S*-i LuL^ '- 1 LgaAJI j_y5 «L»jL_uJ1 aIjJs^I £JLA <J-t-al tl>^ ^ i^ a J 
L^_La (J^Soj i^^l djLLl <j-u4J (j-« £ja£jj L^JI c-JJuj < L^-i-a (jftSuJ ^j^Jl 3_}L11 (j^- 
J^ jj-* d a 1 **' >■ t> I tj^L«-L1j j-Jt_uaJ1 <j_a * la fl z\ (^j-A l_4^ . .<_paj 2I u-cSoa 
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ajjUII yjk lolji pHc'l 




(__1_JlJI ^^jj-LiJI 3j_3e_a : (8),_pLtjj 




>( «S 200.000 (jjlji. *J$1» jjjj m^miII ^ 3ULII iUI :(9)JSLi 
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d^gjuJI u^j&llg 09^*" 




3 w^m.II id^o^J.1 :(IO)JSLi 



72 



£jjtUI x^a blj^ (oEcl 




4-t-t.u-4- iSu I UTl^. a-qje-d (jLSLaj j^jJjJJI Jjjj_LaJI S J-Se-A '. ( I I ) ( _pLt!u 
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d^gjuJI u^j&llg 09^*" 




jVI 4-uJUJI jLLi :(l2)JSLi 
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ajjUII ^ lolji plic'l 



o 




OjSJI ^ 4JSLJI CjUSliJI j^l (jiyVI ill^j : ( 1 3)J<Li 
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l^gjjjJI u-igi&JIg QjSJI 




j^AJI :(I4)JSA 




(o^jXJ Jjlill 4^11)^*211 »l^».l J :H ^Li2:(l5)JSLi 
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ajjUII x^a lolji plic'l 




jjLUii v S i S:(l7)JSL2, 



77 



?I^9jwJI u^AoJIg q^SJI 




,j-uj-<a_).S £j-*2 <j-a J -Lu La£ ^i^L' 'tA^ ' ( ' ^JtJ^-" 
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ajjUII yjk lolji plic'l 




jjLc^I ^y* 4jMj^ cH^'ji' • (' _ 'S)J5Lj J 




0>y LP »>*9j ujV 1 : ( ' 9)J£-i 
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i^ im i"itl (j-o ( _jia T uI LcUjIi (ji I 666 aLc ^^ i ^ uual J 
l_LJ I liJLli 2 J . 7"j^ <J-"3^ UJ^ L)'_^ ' * JLC (^1 (JirtjJ 
(_jj-ll £L_Ljtlj_II (jljj^ll I j 7"j-^ <J-"3^ *— ^J JlJ Lt-LHJ>. 

Lmi'i J-*l cj'- 3 ii>J-t^t_a (—5 r"J*^ L>*15^ ^~" J L - k - > *' (j-* 
^j-flj JL9j --j Lea II r-j^tS i^jjxL^j j^ i"i f a ^—3 Lu^_ua 
^l jljjVl iLcj^^a ^ „ , ,,-j <OljjVl OJLA (^l 

i Visible Spectrum ^j-LI ' ajklj sj-UaJI LfeJj 3j "".' 

(J-£. AjLflJI g j i g3 ! I ^jL) ' d_Llaj| 1 JLA CjjJl>. j-lmmjj 

JJ_C ^f) 3_a_LLJ«J.I i^jIj^jJLII i^jli i^jLvjJ.1 <j_a 
gj-tb jj"i"j . (Sji^-I^JI 4_uLi!l ^ 4j^L»JI oLj jjjJI 
I ajgiej (jSLIj , ^1 ,V-,Atl ^^ 3jL>.lj ^Cj-u±i CjI JJijUll 
- La i --j (_£ j-4-i LaJlJLc. ^jj>. 2l {j£. L$_Lc ^JS 4^.j-*_u 
ULJa CjLc^_<u?e_a ^^^ r-jj^jj^ i iiS na, ^I^Jl jj-a ' tL&l 
CjJLkj (_g JJI 4 S-l^>. II ^^ jjt sL>.jJJ -i-^Jj i L^jI^^jHJ 
.(jl^J^Li (j^l in-».VI (>J(JI (^ 
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i4jjL«-!I l^'ILa- uJs (_yAj ?-*>" L -*-^- j-^aLuiJI (jl JU>-j J-a£ . Spectroscope 

i L^J 3j-j_4_d Cjl_}Jsj-ljl jj_« 3^JL»_a Cj LC^_*3J?E_a ^j-a l^SjIu CjlcI » miU c^jljj 
4-Lj ui 4_a-jj_La 3j_fl>LLaJI oJLfli CjLut JLSj . 4j 4-uaLiJI 4jI^Jijj j • *'"* (J^-Jj 
CjLsL^uji Lc£. Jjljj (_^J-!lj I j.'Jy" (J^-? 1 - 1 Cr^' '(*-5^^' O"^ t - a ^*"'* ^ 'V a 'J 
t»l j mi^U «LaL«j1 *j j LtaJ I Lu ^J-SJj zjj_uj (J-^ ^J L*aJti3 t»l iJa-flJI (_£ d * < uLtL 
. L$jI£jj>-j 6~SP j" C^jfl j ■ a aj Ltiajt LLjjI (JJiJj 4JI ^Jj ' i i .---a i«LLa jtjSjjj L£ 
(^ siljjj-u IUjU^ 4_«j jjf , 1814 aLc j^^jjlj^ (jJUVl /oJLlII .U-..V j^ 
(—5 4_Ll*_« j-t-aLt^. £)] j_A i La a La >■ 1 1 0JL& (--l*-« (jl ^U 7c *>»"lj jn<] ilill L_a_jla 
*j La >■ ' I tfJLA < - «j j La till]} t. < 1 1 ujq '' a_iLaj| ^j^o --j LcaJI ' " i LtaXa I JL9 ^j no Mill ^s*. 
(Jl^Ja ^1 (j^r!-*J 0^°' "* ^k*| (j_o • La j Lajj I liJJj aJsljjj JLjJLaHjj . «l JjjjJI 
J *~* ' " (j-° ^-^J ^i-ul jii^ i~M1 ^^_Ua ' ^^'^ jj-o '**'^"'^- 1 i-j^Il *1^_Ua^U 4_o-^Jl1 
( _ ;r lll sljj^a^U 4_jj>-jJJ (Jl^JaiU 4_£jLLa_o L^jl j^^jjlji J^J-JJ •<_>^ = J^'' C"^i 
<t3jj<-a (jSLol lLLIJUj i(_p3j ^l (j,!^- 5^Jj-«-L! lillj (j-a j_uaLt£. Sj^itjl L$j Gj j" 

.jii^ i"itl ^>- ^—5 3ji^>.^11 jj-aLutJl 

V Lcj^ w AjUtl Jjlitlll ^Ir 7r j 1 ^ I 1 .- j 1 a 1 1 (Jj1>j (^ 5-aJLa-"i 1 .ill CjIjJ^/I 
(j-o JLjJ-kJI c.j a II diLal ui "i^l ^ I r "-^-J-ij J^J idiiill pjj^ <j-a «l-i^. ij^- 

diiill »l olr c.lU*.,„l i^^cJjl (^ aj \l ,^tl s |jji>VI i_aLLa? <L-ulj.J (jjsj 

• iLij jj^ii. JLiJjfo ^i_La_u CjJL>. JL^ ^jjSJI ^^^ (jl 1 u 1V1 f^-Lfl>Ln^s jj LaJ q\ 

• a uAj sLiia-aJLa . Ijj 1 u£ £j\£ i_yj jJlj tal Laj« ( _ ;r 3 jHnlj J A U 1 1 < ^ I < lt j< I , ntl 
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iSftj^ljJI iSlnll pic 

a\ i n-vl ' dl * j' 1 * LilLLlI »l air 4_iL>- i_CJJI ^ylsa-aJJI C^i ^ i j "J isl aUtl i_<jz,j_j 
£1 i Mil jl Cj 1 j Qa \ 1 1 (JlLa i i_Aj-lC jj»a j^xSl if«-Aj-j-r»o Ojlj La «Lljj»c 4_u^aS 

CjIj_>JU «!j_u3l (JjJ^tjj-Q^SLJJ -i j" i "tj > sLul-iillill »l alf aLs LajJjCj 
(j_a CjLc^ o a ^1 t^ol i ^**' rt < ' a I— pal L$J (jl 1jJL>.J 1 1 J t 1 u ) La 3jjL>JJ 
/— jLII j-i^LlkJI i ^ I* ^» n j ^£, iLajs-LJI (jj^ojujljjj , U j U -^ ) *!jijj_a]l oalaj>J I 

.4_lj^.JL!I aj_»_l!I a ^ mi i"ill l^LJsLi 4 g-u "■ i—sLJoVI ^jut o_iLi» . L^j^ILto 

CjIjj>JU ^gj" i ii a (^,1^. (j-"jJ iSjLtl (jj& ^^' (J-"- 1 ^"-^ j* * ' ' ' C"^ J^ I J-Aj 

j>- ojSLi! 3 jnutLj J_> iLiuneJ 



Ij^af Edwin Hubble J_^ ^jl ^Ljj-iAJI ^JUJI Ji^V 1929 ^Lc J& 
jjajJI ^t-J «L>Jj-La 3jLl*_JI CjIj_>JJ i—aLJal i La a La j> Aj ' 1 *j J La jJi3 i I --»-<~ 
r-lj_al (JljJoI (_L^ CjjI jjl dJJJLij i(<ul jj -i La i a J'C i"i_t 1 1 ajJaJl (j_a j_aj>.2l 

.ji^l Ll£. 3j_>J,l jjlj (jL^ L«^ jj^I SjLjjJI o'jjt oJL^j tCiLcl < uiVI 

«Laj ^jl «U (^\_jjj t3j^?e_a ^ i n a~wj cLiLa ^j-a j^lSI «L*_uljJU (Jj-A {QjLuJl (*L9j 
^t_i cJij-LaJI i La j La 3. <^>-1j! ^jt 3-Aj i<3_*_u1j Jjl 0JLA ^j_a 4-Lal 1 <"i < ul £>S_a_i Lj^jLs 

. Sj-^JLI Jjlj x-a Lijj-La L 1 1 uLuj j-^3j>. 2l tj^olll 

LaJU^. Oa 1 all d 5 Oa ^j ga d se u LaS 4JI c.1 ajjtlj Tc^uajl .£jj J-C 1 i^L>i_i Jjuj 

r-l^a_a2l a se i 4-iajJ ga II ■ La a La >i 1 1 4^vljl j j > ■■*" ^.JLlJj llL] jS t a\ J ' ea rt JjlLu 
. Li^. Jjljjj Sj^>J.I ^1 jJL^all jL i(j_a^xVl) SJjjJaJI 
jj-a I ^ jjg ^J j 1 ^ >, 1 1 £j£*ja] -gtj )l Lga dJI a! i h~w 2l ^jjz, LuLajU a -n La * rt ^jl 

jtljj ( _ ;r lI0 etj . ■ji-^l '« "jj jSLil cjLcL»jI/^U ^jji. 2! (JK i"ialj 1 c j < ia II JjJjo 

2 j 1 " j Lai '«tl CjVL>JU j_a-Cj LJjjjSLII LJLc-5J^a- Mill CjLjjJ^>JI (J^Loj ,j-a 
^JlLa i(4_uj-^£j 4_u_u_iLa l_Li_a Cj2iLst-a ^J^. ^^aIL>tj /^-#-3 (CJ Lh*J ' ^ tJaAII ^—5 

(jL^ IjIj ijJI ..c.lj_a^>JI o>j 3 < ui Vlj 3jm 1. ill 3< uiVlj jjjIjJI oLvjjj 

^ * j ■ La (j-A La t^c:! i n"i 1 Li_Aj d _ CjL_uIj JjI jj-a j-uSJI jjjjL-uI ^_A s-fl-Lgajl 

SsjjiaJI 

3 < i^i^l ,j_a >j-^>-j Energy 2 il La II JLSLJul ,j_a J^LJu j_a «j_UaJI (j? 
j<ujiI L^lLc (jlLaj ^-il J^>-j (j-a oj^-y J-^J ' Electromagnetic 2j 1 ..^Ul Uj /ijj ^<tl 

.3JJLU 2 Ltaj ' ^Ir (_gjjj>«j I j'« (J^j Photons CjLJjjjjJI 
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d * mi 2 Li (_)-£>L>JI (J^ojiJlJS i^ji^j^-ijl d * j ■ la t. < i n^. 4^LLaJl ^^-aS ' guligja 
(j&JJ^a-b jJ-^9 ^J— a (cJL^rr-* UL^rr - *) L)3rrd>^ L^J"-*-"- 5 *-* 4^LLaJI (j»a «U 4_»_Lu_aJl 
<i(ftS» fc_i_ul I ^'^ 3 ' ^Aj^ ^-)i J^>«J (j-a (jj£jlj pi * mi 2 1 (jl . jjjljJl CjL>.j_a 

j^ I j ...A", t_ujj LgJLa 1 1 j'" i al^ jjlc j-4jo La lilj hjjjjjLII jl Quantum 

(0_J (j-a J i L$J (_)-£> L>. ij^s L#J CjLci * mi 21 (j_a < la -1 * (_p <aj>.j_aj . (_j>-^a-a (J\ mi 

cIjLvjI! cIj! j ^LcLoji/V! >LWa i^GL^a JI^JaL pU-JLyi ^1^. <-3jjiIJ LIJLa 

CjL>.jJL1 (_A (j" aj"i < ( ii j "-i- ^fcJ i^l jULa ^1 (j_a *— S^il 4_*_tiaj (j-a) d VJ 

j M.r (j-a) L^L^j^ JljJal »LLu ^pJI CjLcL«ji/VI Lai iRadio Waves 4j^j^IjJI 

d * mi2I /jr-A (^**(Oj**(i lull (j_a O-?* t — ^J' «LlLa (j»a ^ljj>-l 4_uLaj (_JI jILa_u_u_u 

(j-a) dlli ^Jj (^lll Su^iVlj JnfraRed ^SjjIj^JI 5jl^VI mj! *Ij_«^>JI c^r»o 

s j ' a J I /^-A (j " a j" i Mill (j_a t_tlJl 4_lLa (j_a *L*->jl i^\ t— oJI 4_lLa (j»a 4_ul_aj 

.Visible Light mAA 1 
*_Lu ^^1 diLcU uiVI tiJJj i Ultraviolet 2 _.-»■ . .. A * . T 1 Jj^a SjuSiVI J a uuj 

^O" aj**ti miU (j-a (j^aala (j_a JL>.1j (j-ll i_aJI «LlLa (j_a 4-*Jjl (j-a) L$jL>^_a (Jl^aial 

(j-a jls-Ij (j-a) X Rays (j-u£l 3<miI j? 3jm" mil 3< uizl ,_£ J-a dlli julj ^Ljj 

(_J3 lLUJU 4_jjLuI d * mi aIj t(^**(aj**(i i nil (j_a (j^a-ila l-oJI (j-a JL>.lj (_JI (ja_iLa 

LpL^a J>k J^jj)Gamma Rays LaLv 3< m.I j<uj/Lj 3^aj_«J,| ^^ 3^>-_ajLl j i*aJ3 

. (>**( a Ct i inl I jj_a ^j a_tLa l_oj I ^j-a JL>. la {\£l 
LajJj^j )t_a Lj-mSLc l 1 1 iiLlu i«L>^aJJ ij^i^ (ji d 1^ ^ M 1 1 « jjJl>. ^_a La-aj 
■ t jti^ (j n'Ctllj ^j j i a a L^JI^Jol (jj^ c^^' JJ^jjI Cjli CjLvjII (jl mJ| 
I JLAj i(CjLjjjj^JI mJ|) L^jI JL>-j JaLiij jlj i=L>.jJkl (J^la j '^ a I aK 4JI La^ 
ld -T ' "^'.'^ 3_J^ £ L«-^'^' I (j^-J ^i'l ' "^ £ L«-«j'2 I J LaLv sUjI/I (j| (^3 <._ , 1 1 nil jjt 

3_^0J^ljJI 3 1 U)V| (jl (j^^ (Jr i l3_LjJI tljLoLCIl 3ja- I n'lV L^^ljVI Sjujlj, 

. LaMUl ^p V (3^.^11 SJLjia) 
•.(jJj L«j£ L^JI^Jolj cjLvjII (jr-ij-T-l" jjSLajj 

jj_a I JLj>. Ij j mij Uj^>- (_p-aJ (^j-LI sjjiaJI (jl (20-(JS mi tl) (jjs Jaj>.)M-i 
(j_a cbl m^I i LaLv 4 ♦ miIj ^oj^IjJI CjL>.j_a (j^_) cLu-ajja l_Li_aj)j^£j 1 4 ♦ uijI m^ J-a 

I iJ l\ 3j^jjIjJI cjL>.j1I (jjs iCjL>-j1I J^Jo (^3 «_<jiI^JI mjjJ.1 I jjt (j^j 

. I JL>. (jj <'r~i Jajj-iltj 2il (jl i n i V 1 JU£. j Lta-JI 4_*_oL>. j3Lu z t LaLv 
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i59;i<*ljJI t-SJLoJI pic 

^—b Cj MXaai-pJ 1 Cj Lua ^_1 I J t«aJ Jl3 L^SonJ Cj Lc^j_u (j Lb < Cj I j^-« a-LtSL1 1 (j-* 
^^^1 j i^LulJI 4bj-*-t tiliill »l <ilr 5_Lu_uj C^JL£ -' ^Utl <j_o1jj (jl L*£j 

. AJ^E—LJl 4JS>3». «LCj-(_U (J-uLlSJ p^**''j ' "J L_£l_LLaj1 (jLS LiAjJlSLS iAJJ*_J1 (J3^J 

Lu_u_uj IjjJj Doppler jJ_jj.} 4_jj-laJ L^aL: Jj^J 4-Lt-uJa 4_jjiaJ 0_t-*J J-^lj 

< t^^V Lojux. cjLtiij (LJLpJ ^ gjl^ 3 J ^-*^ J^J-* J"*' J') J^i-^ ^J-^J 

p m ■*. jj-* Sj-iLus CLuL£ I j! L^jJL>. -il-ijj <4_uj_uaJ1 CjL>.j_L1 (jl ifoJL«J1 1 JJb 
/q-iu-3*. (j_a SjJtLui CjL>.j_L1 O-jLS Iji! '"' a_se-J L_$_Lu iJLusljJI ftJcJ i-dj^tlij 
udj^sILa |Uu> jj-* ^ J ' CjL>.jJJ (jl t Lu ^ LiAJJt ^-Jjlaj . Ale I JLuu ufJjL^Iij 

C-t-d seJJ «GL>.j_« jjjiaj ijj-uSuul (_l£.j * d *>< ^ A d-i\£ 1 j! < L^jJL>. jl JJJI3 juuaJaj 

L<y*LjLja du>*jja (Jj-Ls «U (^llaJu (^ Jul rj '^ Hj i(_^£Dljj>Jl (j_« J-;J^ /j-b < ** i J « <aJ I 

>jJlI1jI (j-u-fl-J L^jjJjjlj (jy^i-Ii CjIjJJI (jl ' J J^J .^jjULi gjU^aAj Lo LaLa-i 

(^JJI rj Ja II ^jjJ (jLb i4Soeuja r J < ^ 1 1 j . t < <aJ /-jjI CjIjJjI Q^Sj LaJ_t£.j 
jj*_i d g T - " a CjIj jdl LiJJj OjL^ l!iLb i4£j->J1 ^L^jV Lljj j-jjuj L^-i-a 4IxSj i lij 
jj^j 7- 1 jJj (^ I L^j Lv j_a J( jia £_£ ^ I Jij3 (^ 1 3*_fljj3 rj ua 1 1 4-5-iIa ^j Lb JLua I jJ I 

. L_La LjJlaA tJ^- 3 Laju^. j' La_5J I cjj-us jt-ojj-j L4S LaLa-i ' ■ ^ uiAIxIl Q3J-I1 

j se i 7- 1 j— i-J (_£ I ^ij-la L^JJ L>* j_a ^ I Ji jj (^ I ^a^gaJ I 4-AjJa ^j a d je *" i jj-uSLjlI Lj j 
JJ Lca ~^ A J O-^J i ^ L ^'^' (j-^- SjUlLla dilj JUl (J3^J LaJU^. j-<jj>. 2I (jjJ-11 

(jy-Lc ' a 3 ifl **' j t (_pa ajeJJj jl S_AxLaj| L^j ^-^JjJ Ur^^ dj ^J'- i ^' L)' ij^ '^J^ 1 ij^- 
CjJilj I K'^ ifiLt^. I JLulj jl JU-aljJI J^t-J CjljjJI L^j i-dj^tlu ^jJI 5-Cj i .ill 
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I gJLJLj i "_' ( -5 -J-II ' a j La II SaJaa. (j^LiJa (jl il iQ^SLII ( _ ;r a CjIj^>JUj AjjaJjl 
(jA_4-S t i _ jr J^-£JI jLiJI <LjL?- i ii l jl i^?E_iJl ^=-J 3-}^>-3-tl S^LLI (j_« JLt-aljJI 
.(_£J_o (_gl (^Ij <L>-jjJI ^^ j_Ju CjJUs. JL3 (jl^ lil La ASjjus ,j_o Ji^iIjJI 

jqj5e_J] L#J Lilj^tlj /Sd< «LCj-i_aJI J-] JLdJ ^ Jfl J I ■■ 1 » .J gaj I ■■ 1 4«L>Jj 2 I jjjjLj^ (j-*J 

Lai j U? LjLLflil »l n I r j_aLi LojlLcj ..^jSLII jLiJI 5jL*j-u jl 3>=*ll jl 

/_Lc J J_] L4-0 I fcJ c ' kgLajl &ala3. x_ual^_« J-^-*-J l*I^>. 2r 4A^j?e_lIj 4_till^t_a 

3_j^_Ia_i a!jlj>-" hiLi aj^*_LII <t£j^>. oL>ol (_j-Lc tiJJJ (j-o I^JjCL-uLa iL#£j->«j 

.^a i U j T^ >, 1 1 ^J ^" '." LcJU£. 4_Jl-LijSlsj J). 1 ' " I »S-)I ' ea!t> I ) (Jj-^J (■*-"' i J-^ J J-^ 
Cjlj^a_a jl AJ->«-i L^-il Cr"* - *"^ ^LIJ- 3 ' w T ' " * * '^ tl)>^' 4J3.L) c^! '— ij-kaJI 

Lai 5 i J i^a-3 d)L>.j_a i~-Z* m-d-Lul Q5U1 d)L>-j_a (jz i JLt-aljJI (j_« * *j**'^" 

t- J a j— <i^. 2I (J3III 4_o*u (_ll L^agLa ■ La a La 3. J dj *" /^Jl Cj1j->JUj a^jse-LJI 

. JLt-aljJl J^c SjjLo-o i_dj^tlij 
*_« i3jJL^_a Sj-aJ, ji <j\Jua ^jtc_lJ ' kgLaJI (_a 1 La j La >■ 1 1 CjlSj^ao <3_ij La_4-s J 
j_jj_>J| ^re_'(J1 «Lcj-j_u j-j JL^j (jA_4-s t«G£,j-<_uj 4^-ao L_aj)jjLA jj>. I ' ^'^ 

. r I . V» A 1 1 ^^a cLajLijJI 3j_aJ,l jl dJj^tlll 

(jjiJaj «L«JjlII (jLa 1 Red Shift j_«ja.^l Q5JJI 3-fa.LJ <La-ljVI Cjj-ao Laju^j 

(jjSij JL3J 1 JLi^sljJI (^c Jjujj 3j^>J,l jl (OJ=-iJ' (jl -=L-i-a Q^>-"i i" 1 imj j^Lj-i j^J I 
^-«Jl w 1 c «L»_a ' (jtx^aJ JL>. ^—1! 3 > j * 1^ Jj-t-aj-II fQj5E_u1 ^j_Ua ^_a 4j>.lJ2(1 
JL^j tf- d_j_LaJ| Jsa_>jl » (<->^_a ^__a ' a_iALaj | jjjuJI dJJli (3^" (j' ^^^j^ ' '' ' *l 

aj-tt t-4-i-Lc Jju i,^-!! 5-g.j 1 .1 II (jl 3JL>JI ajjt jjis ^jSLLaJI j«JL«JI ^j'-^j'^j 

. 4_uL\JI ( _ ;r a CjIjUo 3^Li^ 4juiaj jjLajj V iLs-ljVI 

■ Laj LajJIj ij-uSLi iil!!i (j^ J-"' 3-ij-^aj-ll ^- ''j^i' sjJ^a (^ 4jvlJ2l (jSL!j 

O-iL^ lilj ..*Ij_«j>. •» 1 1 -■'"'■» 4ii ' aglaJI J^ia (^r^ I j~'*J. .' r"'j-" *^jj-" 

4_Lil_a 4_Cj_<j/ Ii i3>£j O-^l *J-?*i' O^ 'J-^J- 5 J-*' Cr'! ^^^ Sja-lj^l oJJt 

. Li^. JLhIjj (j-Aj isLuLUI ^j^ CLiljUuz jlj*Ctl i_aVl_i jJ-Sj 

, U j U ^. , (jLuj L*^ icdlaJI »l <ilf (jLtiil jjIjj iiLi L«jIj tilLLa d^j 

iL^aLjialjOlj^J.1 iuiljj^yk: 4jLo. ' Jl3j ^gjjl JjLa joJLlII jjf ^yia. li^-ljVI 
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iSftj^ljJI iSlnll pic 

i(cjIjl>JLI J^Lu) 4ja..n jl (j-O VjLi (*Ij_*j>JI S^.lj'y 1)^3^1 I jufc (^i^jJJaf 

. i *l i till ^j^* ) (J-aH^&j 
i^jIjJjJI J}L>. ^ Cosmologists (jjSLI! *Ul£. ^La ij_al ^ ,j£Lj L14AJ 

. diSL* 3x.j_«j»j Vic jlcLjj cj!j_>J,I (jl j£jj (ji I r» inj ( _ ;r a 

j^e_i sL>.lj^U 2 aj U " 1 1 CjL>-jJlJI (jjjLiJa ( _ ;r a SjUJLC Cj Lij » r a iJJLl&j 
4_al i u 11 4 ^ * 1 ga J La 3j-j?e_a (j-* jOL-£J! >-j JajLa t< kaLaJI ^ya j-a^>- 2] (j^UI 
( _ ;r a (J-^sLlLi - j i a II CjLJjj^a i."i jjir^l Ijlj . I j . .. Ai cLsJjVI 4il2jj 4ju-uLiJI 
lj-al I j A I /:.", \l icjjLaJ juj jj-oj Ij^J "L^-ilUi I ^"al U i AA" LjpLa . Ljpj j_i j 

lj-La_] ' a* LtaJI 5_iLi- > lj"i i » CjLJjjjjiJLa ' LJjJJ J . -*>" J L3-L0 4_utj.ll I -La|_L__t| 

. L-c jLtliV! ^.a 3j->JLl 3j_,j___J 

jcHj _jla i4__uLa 4_)Lut_ *_$_»-) £)] c_-_t_ 3j_>JJ (j_~t (-jVI ' ^* tJaJI g. a L-aJ la 

d J fl 5 ' ea rt 3lj_~l (J~^ ^ ' ' ' CjLJ^J^ill *_3_?___a t(JL__a ^JN m i 4_Lo 3 .1 A" i ■■ * I 

^-3jLs___L1 CjuY^Ju jLa^Ju J_l__j_-i (___ jL_al ding -»J1 *ij oS-1 t-i-i rt >l 5 i *-> 
(_3 4__L__ j la ' ea j 4__-.^aJ f. 1 c j-^jjj i a I j La rt jj^ii. jj_4-ij ^J3^ (j-^ /*-*- : * , » J 
jox.j_ij .Panchromatic (jljJ^I (j^l uo. CjLv^JJI (j^ fj-<-" I Jukj .3ji..l m-»JI 
CjLcLvu ^jl\ (j^>- LLaj-Sj^>. 2 1 3-^' r«-^J l ^ J >^i-' *JJ (jjav-iiliill » I i U a I jut 

u \c LjL»j_i 3jlu«jJ! i2j!j^»JU (jIj-«^!) ^ o3jl tiHAll »l air ^K Uj 
i » I < v» a 1 1 s L>.jI «_j_«j>. (^ ^ I -r™ j j jjj Sj_aLLaJI j>jut ijiul^ LLj i L*^L«lLil 
3j_^j>-i ^ys^xl Loj_c£.j . jLc>- JJ.4J SJLs, j ^ oj^-" o' lP^'j-^' <J-° ^ -^ 

j-«j>. al Q5JJI ^=-1 4j>.|jVI 3j_aLLi •» 1 *--'"" 1 JLutjj I r I LcaAll 3^-*^ ' c^ 3 J-»^aj-II 
(jlJJ ^L«jjVI jj^j * ^J a v ' .' ' "^ '"'J j J ' fl-iIaJl JjIjo (jV dllij iTt-Ualj JSLiij 
CjIj-_>JLI _}Ljlj1 j-j J_j_j » j_LaILm-i ^jVI Lul JL>. ^—11 t< gLjLaJI 1 La a La 3> «L>*ljl 

. L^aLdal (j^aj&a ^jjc^j 
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d^gjuJI u-ij&jJIg 09SJI 

i4_u^_u3 4_u_u (j^jLa 500 JL*j /J^- «L*j31^J1 3j->JU jl (j-<J*J lLIJ jl3 i4_u^_Ua «Lu_u 
^la ^LiS i_aJ I I 20 5x.j_«jJI *-Luj ' £ ^- 1 ^ /J-*- _?-^P <— s-H I 2 5x.j_<jij Ljx. JUljjj 

.iLoojJa =Luji Qir!^- 5000 Jju (_^lc 'LuLjj'I ^ 
(j-Lla-j Sj^^o ^-^J <j-° (j^ ' n^jSLla ^jSlaJl («JL«JI (jSLxj 1962 aLc (jr^J 
« I j* Lie .jLjljjVI ijj& I j~"*j i ■■ (jl J^-JJ J^^ ^ '^J^° (j-° @C 295) I gale 
(jV 4cj_«jJI oJLA J JJ3j '.-j ^ajl icj_<j/ (j-o '/45 (_gl 'Lj-iti /J-u* 3^^ i_aJI I 35 

(jjij^Luaj 37 4i>.j^ JLj^J 'tj^?" i nSj^Ll w -^- 1 ilAJuJI Jj^ ?t_3-!>^' w^ JsuVJI 
. ((jjj£Lus j54) j-sjs-^I ^1 Jjijj! jia (j ' q j IIU (j^s t-kl] (jjs «jj>. jjjij£LlLI) 

i-JjJJl (_gl) <LlL-»JU CjIjj>JU icjjiJ*jj (^fl j-«jvVI jj*j <L».ljVI j j ta3 Vj 

L*J Lutj . « I < v> a 1 1 ^^s I ;|f j | I oK ju Ij-uj j j^~ L^jSLJ < ( Lujj^o ^1 Sj-^-o 1 7 

^ILa ^Lp 32 jl JlILsj Ju1j-lJ 4x.j-*_uJl3 t4J3l i ii Uj 4x.j-*_uJ1 (j-u ^—jjj-jj t. < i uuj 
. r I ,>. ATI ^^^ 4_u^_ua «Lu_u ^j^jj-a tfjljJLa jLjujl JSJ 4_uLUl ^-JS 
300) -j.'^tl 4c:j-^ (jV '^UJ V La (^JJ jjsVI I JL4> j «" i im (jl (jSUj Vj 
V 5_jJlj>. *Lcj-t-u i?l_jj_j_i!l »l nlr j-ku (_y3 (_yAj (4jjliiJI ( _ ;r 3 jILa ^1jj> i_aJl 
^LjLLjzI 4_Cj-j_u jl j^pslj-ILsl 4jL>. /^j2j3 . (_£jL« p i n~w L#jjM (lx*aj jl (jS_4-i 
^—Jl LjjJiaj ^J ' ^J La 3jj?E_a jljljjI 4e.j-*_u (jLb t4-3i i nil Jjlj »_a Ljjl j t. 1 1 uLuJ 
i LLa 4_u^_u3 «Lu_u (^j^jjwO t_aJI) tj>JJJ I 3 Jt*j /J^- ^-jj OjIS I jl g-ajJaJI «Lcj_j_u 
j i «* sLaJLxJ! jJ-Sj il ijliil (jjSli! (_j-SjJ V JJ-J! I JLA (jjjC 4Jt dilj (j-iJiJJ 

L^JI dllj iuiljj»jj V Cj-iIjj L^JLj (jjsjJ! j<uJLa J_Lo ' a i ^j" a^jsJJI OjliT 

• ua^JI 1 J_A (j_a fQj2.jjLjJ . »l <i i ntLl JJLrt_a ^jl£La ^—3 4jj!us t_jjlS jj I o^ j gJoJ 

(jl ( _ ;r a (.in nil «j>.^jj t»l LtaAll ( _ ;r 3 4ijLa cjLcj_«j»j uiIjjxjj (_j^ i(_gj_aLtiiJI 

IjLjv SJLjjlj aj^eJJI jl (jJJ i4£Tjj«JI aj-tt lj3| uij^I I g iSt <ij V Sjj^J.1 (IHjlII 
Ja^tLa j-jjuj t j^jl i n~w VI fOJJ /^o>. cUjI_A 4J3Lt^a uiljj^jj (jl c_ <J»J L^ji 4j>.jjJ 

. L^jLaljji ^ 

4_Cj_*ji i^J-* /j i c ijj_jjj 4_jjJiaj J^x ^J z J**i i ii X I 4_LO_p tjLu (j w ii JLaJj 
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i59;i<*ljJI t-SJLoJI pic 

d " U *' ^°' i4_Al_>o1j ^^?k_LJ1 4_Cj-<_u JUJL?elJ a jJt-"! i uj ^ylLlt JJ)j»LaJ1 L^ 1 -^! 
«Lc j-coJ u ly^i-ual^ j-t-a_d 1 i_Laj>. j-^c (Q^=-i-I I 4£jj>- £ L>o 1 £j£l 3j LlC /j-45 <d_u LU 1 

fo_j jq^?e_lJ1 j jj ""*" (3i>^ l^ 2, ^-*-°W^9 4-<-uL<ds1 4^^j>J1 e- al uuSI (2)£L4_ij 

(-HJ 1 1 Jl>. 3 JLul-J 1 ajj*_u 1 4_jjiL>J 4-j-uuJ lj i («^*-i-J I xj9 j-« /— 5 j-uJuJ 1 Lu •*■*>>"* 

^Luaj>.! g. Lq-uij 1 (_£ «L*_a^LJ1 ajjseJJI £ya _}jlc «.Luajvl p^* - "j /-5 (jl tJJLH ■*' 
r 1 Lca-dJI ■ d a . p j Us « 11 t jj_S_I1 ^j-* Ij-Lt-uJ |f>>. tjj)^)- 3 'J- 3 ^ p 3 3 ' ^J A s 
LflgvJtja Tc-iLta 1 - a Jl2J 1 J_Lo £ij^>- ^l (j-^- 5 (J^ (*£•-"' - t^aAj I - aj 3e 1 1 1 (^-u p'UstJ 
21 4_j^_j^1j CjL>.j-a «— mJ (-H-Il d—uLUajiJl a L.gj>» 2 1 ^j-a JUJUtll (CallseJ <d_il_j 
3j-&LLb-<Luj_c. 4_jjlj_lL3 3j-ALkaJ ^jJsjLc 3j_ALtfu_a (j-<a-3 . 4_jj-tfu_Jl ^udl L&Ijj 
p 1 C.) &-t-u\ cLlLC I aJiLLa I ((CuJl>. foi^. $:Lu (-£ liiLdJI {qJ^, I JU-ajjseJjI (_)^aj-l 
1J_A ju^i i4_uLiJl 4_Js,L«J1 c_ij->J1 juljj Radio Astronomy ( l £^_j_}1jJ1 tiliiJI 
t ^g Jl-J-Soj I (Cj^LeajJI 1 *' LAJI foi£, (j_a i^J^- t-iCtSj ^"'jj J-* 1 -'- 1 (^'*'l (J-* Pj"*^' 
J^e_i iJ-jL^JI j Lka * t, I jLajij JLuaj-a ^j < Cl* )3 t d_i^ <= ^J Lg^J' CI^jJI (jL>- (jy^>- 

a I o"i it>1 »_u3j_a s-djli^ill J-<j-«-J1 Ij-^-I /j-jLllJI OjLSL^ tg.1 t^a aJI ^^^ 4jjjj1jJ1 

joJLc >a -Lj jl vi^"- 11 6-° o^J '(1945-1939) 5_oLlI! ^UJ! ^-ij^JI *LSl 

LoJLjj (_gjj^ljJ! LjJLLiJI »l qlr aJL2j JLai .(J^iLiJI jLojd! (jJalj^s ( _ ;r 3 JJJ^j- 
c-|j_ l ^ a J| Ui , %-, Ot^J-fO-gJilJsLIa J^ I j j ,r> LoJU£. it_ij^>JI «l_ij| ( _ ;r 3 Ij-fJJ 
J_t-aj ^j j a> I Jjlj L<i_i£ i."i> t tot ' g I Lca^l! pi 0" < 11I 5>^>.| y 11^ j—S-Ajdr^JLl 
L^jJlJ (J1_J (jl (JjjJl CjJLj>-J (^r-^ 5 * 'h-LH* 1 ^' '"' <j" >l (1)1 L°J .sLLSILa 4j^Jjlj 
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>Ij>9-ujJI ugj&llg 09SJI 

^ dJiil! «LaJjJ L#Ia ( _pajuJI i-.U^ta i4_a-Li!l 4jaj.jljJI i^jI JjJ.1 £y> LUa-L3 
jLujI ( _ ;r 3 CjLuI^JIj (Jl ■ *"■ i a VI 3j\^>-V aI JLajj^il (Jjl I JU I jSL&j iCjL«-aL>JI 
ijj_>J|j i'l ui T Lj p i i ~m ^jVI i " ' 1 j La -- 1 1 O-iLS J.2J Li>. . i_£jj.}IjJI »l Leaiul 
4- lHj lj Ij-o*1 1j)jIL»j fQ^jSJj 4(_pDa_ajL]l 4_a_LxSj t_£i i"i\ t < ii 21 1 ^-aLJjj jLS LaS 
J ^ T rt ' " ' i ^d3 J -^'J ' ^J rt J ' ' *"*" 4_uLtii3 Lai i n-fc.1 1jlj»3 t(_£aJ.}1jjl j^aSJl 

U±C L$JL3lj-a Cj^JU>. 'i^JJ-i'j («-><-> <— flJI (_^Lc _Ji>J La (j-^ JJ-"-*^' f 1 - 1 ^J 
CjLcj_aj?e_a (_£ L^jjjjjj l_A jlj-5 1 (j-U Lkaj^Ju (ja-ftLLAJI &2j jqjj . aoj?e_u1 4_Lajjj>- 
(_£jj3L3 .4-iiejjLlII 4-ajJ-3JI diljn i n"tl ( _ ;r Lc. IjJa^l seJ (jl IjjjI Jj isLiiajilL] 
4j>-L>. jJI «_u/l L&lLc IjSlUi Cygnus 4j>-L>. jJI 4cjjiJ*-a ^JS 4j_oj.}IjJI a^cJJI 

. I JSLaj ..i_i <L>.L>.jdl Lgjj « . ..j (jiaxlil SjJs ^ Lj-Jj ^pJlj iCygnus A I 

^—-A £1 a i u II (_£ uljuL aoj?e_lJI Jl^oI O-ilSJ a4jo_].}1j j^oa^. LlJ dulS jjj 

jjjSliaJla ilLui^jJ V 2jj .^.tl LiJajju Lul VI i Cassiopeia A l^;^!^^!! CjI j 

IjJLSj 1( ^| a" ffil (_gl f. I Lta-aJ I jj_a 4_a_Ltail 3jJL.1I oJUt '_J^ii (*^ JjjLuiJI O"^ 

I fl j 9 j-LaJjl 1j-Lt-aj jl jj-i ^j t^a-ul * inS i tuqju ^jLXI -r < n lu I ^ JJMiJ < a I 

p ' n3» ^1 -i^-^ j»J^ (j-a (j-\-djlj-(j-ajJ1 (j-a ^UJala 3jH£ (J^L>.-1^ajLS jJLl . I Jul 
jl LajVI ,j£: LSLc (0Jti!l I J-A JlaJ 4jjj^IjJI cIjIjLi/VI VaJj idJLL* ^Liia 

VI i_2jj<_! Vj i3_jL«_LI J^LJ j-al (j-Gj^a-a jjl-J <»l JLjl^ pJ^J (JL»i>.l (jl 

3j^>JU jl j~f I (j£Lajj i I * j I La a i j c 1 1 iij^ La lil j»^*_Lll £j\j cdSLt ciiLal i ulLa 

A^aJjl ^jJt Ij^*- 'LLlLsj i4^j^ILa ^jjajjl 4Ji.lj jjLuj f-jLill ajj i ^ II jUaLS 
I j J jj ' i'l I i .n Ajja-JI ,j^ 5_uJL«JL3 njGj^>J,l -> I lLa-La I *Liji a 'I LajJ (_^JI 
jl i ii a » La AJ 1 a it'ljU^I jLJj—^JLI J-4J I J&Jbj tc^ mi 1 *.j A , ^. J^*-«-J jl jj^ 
. a^j*_LII (j^s LgjLJjSLL j_usjG (_gl jjj d ajl i i i La^-La J^ r-jjejj i,_£jji.VI 
j ni^ jj_a j jJLJI 1 J_A «U (J-ojJ 4A^j?E_ij| (j-u j i ii"i'(U (-jjSjl jLulJI (j-aj 
ia^sJJI ^^ 4_lLc (jjt La-a I j I un 1 1 f-<-ujl SjjLiiJI a^jJLII ( _ ;r 3 CjIj jJLa iJiuJI 
CjljLiJI aJJt «J3 jjj La JJ£,j . 4jjJU>. (j^ J-ia V j_al CjIj jJI jjlj a '1 LtalJlj 
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CjljjJI (j_j___ i4_>l_b 3jlj_». jda_j i4_u_JI ,__ —jljJLaaJLSJI CjLLa 4_.j__j 
JJiltJ i l_Ljj_^S <Lj^ se mi 11 Cji ejy i n-»Jl 0JL& ~Jj" (j-*J ( _ J"#^ ij **" ' "* l£') 
3jL*_) Aa^e_ul £^a— — ^j-a (_£^9l 4j^j_}1jJ1 CjljLt— 2 1 tfJL&j iC ^3^ ' : ^i9 J - i 'J t -- j lj*- uj j 
I *j J '^j _JJJ! fi m-»JI I j_b ^jjjljj! ^'Cliill .U-w\l j'a i_j!j_U (j-o (>u}La 
3j_*JJ J .'**'*"j * 4jj-_a_dl CjLi^N i iil"i'1 d La i ul aj /_jj-a j-i£. (jaSL) 1— 4_I_«_3 i4Ja^mJ 

A.iLi-_J 4_t_UJ /— — ^ (JL~a ' t-ilal 4 I «L>-L>. Jjl (_£OJ.i1jJl /QJ5E_L]1 /— — ^. (_£al— >tj (-— J' 

^e-i 3.}L__,I 4jvlj VI i_L_ I g.1— J— j-^— ' a_tl— U 3jjj_> L#J CjJLs-I JLSa ijj^J^*- 
^l^s. L_jJ_>.j Jl_l_j_!l 4_.j_<_ —11—11 »l air i. i i .!->■ LaJ— c. J .j_a_^l Qa— II 

(3j_lLo 200 jui-lj a 'I -^~t1 I Jut (jLS-a o' l£' '^Lulill (^ j^-°>^ <_aVT 10 
j < j II (jjSLj 3_u_ Jl <__ a jHo >Li_ 50 jl_ l_ _ II 4_ .j__ / i___> lil) 5_uj i>» 3 '< < » 

p se "»■ jj-a (^Uj-^JLl (jl (_PdIj__Lj JL*_dl (J_Ll9 jq_i JLSj t(4_uaj_5 4_u_u (ja_ila 

i U , ,.j"t I J^o— LJLju. I o j I (jlj i La i ■■J**' rt 
lj_* J ir^j 3Jjl_*_a J_c it___L_U (j-o j_uSLII i —1—11 »l air i_a.il tn J— j 

(__a __}_ >JI (__!! *^>-jj t___L_U oJl_ <jji *j^>- (jL£ jlsj iQaSJI (__a ajL___1 
*l_a_L_ JL_ j_jj 1 1 3_»-l_».jJI (^j-LlI i^^j^IjJI (OJ-ii! jj— »JL! *^jll LrSH" 
Ao—till (jx. _, i"il— Jl oi_U i La i "j (__a «_2j 4Jl_i i !j_L>_l (__9 (_gjjjljJ! _il_JI 
(^-3 ^jj^IjJI _1_JI *La_c Lai .Eta Lblj Delta l_taj Gamma LaLv 4ii>_JI 
(3-j>_ J_ j_*.l ji_j i«__=jll Ijl_ (2>c- ^LJ_ 7-Ij-Ijs <—t_i IjJLa jL_a iLl!Ij__uI 

^J_*_a y i'f^i^ja _ 1 C la 5 —J I ^ji /_jl i^j—Wi Jjlj 3j-a 4jL_oLj— 3tJ>-1j_ -n ^ ' rt 
J__>j_a (__3 — — — L — 11 »l nlr 'I^J-J i5^Lj 4_JLl (j— vJkl JLjJL>_ (j— -aj _r^Jj • LiJJ-S 
C~i IS J ' P>£3 ' — -* ' 13-aLi ij d jlr jj aj 1 1 )*_— 3&JJ ^—Jl ^j —a-ul ^^j^\ i ujj jLa^oij 
L_jJ__ t_sj_Lj (j—Ilj iLJIj__ulj lj_L>_J ^—3 — 1 — ill »l nlr jj\j __^_>JI 3j_lj 

^j—Lj (Q-Ij .4Ix_L>JI Aaj?c_ijl jj-a «LiLa ^j-a * ) J-^ J Laj j^^La iSj-ii— _ d La a 1 ^j-* 

4_j_____ Lai 1 11 -v| IjlJ-J (j! (jj— — 3^_-J (0-^— ijj^S— — II 3L>-L_a 4j| J- ^' (jr 3 
(jl (j-S— tj ■ fi-fl- Lj la S, mil I j J^J LaiLp. 3j_>-I^JI tU— — — 1 1 4_»L__a ^—3 SjUJLC 
i>JL^_ i4jajjljjl CjLx^ail j^L— _a ^j-a JUJUlIu Lj— C — jl jju 3*___^oJLI I J— b L)3^— 
/_— J_jJ_*_ljL) I— L-L- t -a IjJL— —a ^T— ^ L)' L?^^ /^ i i n"i ) ' AgS — a . 4JS, Mill /_A 

SfiLjaj^ljJl j " ■ a 1 1 ^j-a ra— — — *JI I J— b 1 La 1 uj 
(__3 4J ^>-J V Ljj-i 'cJ^ (j-° *^ DSjSi-U Jl^_. V LluSi J-a^l _r3 (jl JU V 
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jul£. *j ' a 1 1 ^ya d • a i ^jl j-;tc * J^-i La_i3 * j r* ' LgaAll ^L>.jl (j-* L^J-^' d * ^ ' ^1 
I ^ 1 1 * rt jJ—lj ' *JJ ' -^ Jl ' a ' ^ , "' * rt (j-* * iv^jLj 3j-Aua OjLS t^JN miTI ^ o laj * rt 

4j>-L>.jJI mJjJLII (_gjj^ljJI ro^till L$Jl iS^jj" i no 4iti>.I cjli slJuIj^ L^Jl^j 

(j^ " a se i <i (j^-JJ^*- lilLlA (j! 3_3jji_a (jSLol imJjjjIjJI dllill a\ JLJr" i iibj . 1 

. jL^>- j» v ^ ca3 3JL>. ^^ 4-uoSLJI La^jljLcj (l *L>.L>. jdl i ^ Lu (j-aj) 1 1 j "jt - '.' 

u^ui **u at 

S4_j^j^ljJI CjL>.jJ.I CjLkjjI l. i j i ii j-A La ".jjljj-u LuLiil ^1 j^Lpj Lla 

I rt J q C JL>^aJJ i. i se i ii (_3 Sj^iSj i Luj^ca ^—5 i^—^aSJl jLtiJlj jLiJI y-ajre T u 

i_La_uj-jj i «Luo_l<3 «Lu_u 1 00 «bJaj»c a I jj>. /JS. mi (_£ t 3j^>JL 1 ^§jfi i u a (J^ls C~^ 

(^ (.i->- 1 ..II ojut («JalIJj . Luj^>J. (S-lJ^LII) MjJjiJJUJ! 9-j jVl «_o v^jLa^Ltj 

i I j i i hi 3j»jju-a «Lij)j^ ^JlS Mil ^—b *_aIL?e_] Lflxlaji t£ iSjLjJLCj 4-djgifcjq CjLu_A 
Cj 2iL>. ^-JS JLxG La_Lu . 4-jja-LgaJ I d i i nil (j-* 4_iLa jj»a 'O"?* d* A J J a f - ^ -5 

Parsec dJL-ujl_jJI ,j-o CjULa 3jlc L^JjJa j-Lu ,2 1^~, : ^. j_lc. VK nil (_£>i-l 

. (4-uaaJa «Lu-u 3,2 = dj'd'q 3jl>.j i*1 i iijLJI) 
i^jjijISj\ '.Cjljjjl ■ la i ■■ ilj (^\j>.J)j JLlA J^c 5jLt£. AOJfc-ijl ju La jLc. -n la * rt J 
I jut (jl titjO-J . <]£ (jjSLJI Cr^ S^La iU i uj| (jL^ LajjJ (jL»Jj Qajjj-i + Jl>-Ij 
^J-a-t-j La Ij- j . T l S -3 4A^j?E_ij1 ^j-a j^l_t-ajl g-a^cajl ^j-a 3j_ui 4-i-mJ t _^-aILaj jLiJI 
'Q^ 3 * ' L^ ^ '^** ' ^ LmJ^MJ i J Cjuj^jSJ 2(1 ^J i *-»** /jj^Lc. ^j al ' aj rt V I 4_u_aX. 
■- j i ->" (jjLlII Cjjjus. Jjljj Jonized Gas jLiJI lJ £ (JjLjJI ^u i** Cjju»o mj! 
oj_a (J!j_^j «LSlj i jlj-iil c-1^ (J'_? :: ?-^' c^ ^J^* - ^jLJjjjj^JIj cjLJji^jSLIVI 
Lt^L><jl ^jl\ LJLp-i oJjJ- 5 ^*-^ '^j^*.'.' ^ j ' a * .' v s ^ ' ■"■ "' "' La Ij-jiiS dil nj i n->Jl 

«\_j_La_*Jl i>J_A ^j_a j'l^'' Jl^J .«U_ll_A 4_u_u_jia l_Li_a Cj2lL^t-a ^Ji.1^ ^jj>.t 3j-a 
(j-*-J ^LjoVI I JLA JlLa (j_a j 'I LaJI .- j i a 1 1 (jl ji^IjJI (j-3j iC^Lv (.^J- «J-^a 
Sjujui tj\^>.jjJuL$l\ <-_tJe-i 'i 2^3j (J-° Li-iS L aj Mjjdl jj* hjjjjSJVIj ^jjjij-ill 

c-Loji/VI (JjSLj Viiili JLi^j oL>oVI ljuk(<ilj V^j-aJajJI S-^JLtll ^ (jSL! j 
d ♦ mi 2l Lcajl j J Laj Jj CjL>.^aJL1 jjl^aJal ^j-a (^\_»_a ^ JLa ^-i^. I jj ' a S rt jjLuaJI 
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iS&^lj" i^lnll (ale 

j m£ iJ7 J]^>. J_L« 21 1 4j^j^1jJ1 Cj L>.^ <i I 1 3jL>J1 (j-\j>. j)j JLl^J I JjiaLLa jl 

(j-o. ! JU>- sLajjuJa CjIjLJoI t _ 7 -Luj (j^jj-jijJLi^JI SjJLS iJjLiJI (j-o (_^JI-J 4_j£.li2l 

(—L^. CjIjLJoVI <>j_a >." < * t uj icU_oAj (J^>- 43 jj^ (j_« 3lj_J1 (_b ^j^jjj-Jl j-j-«-3 

. )**( o j**t f i ii 21 o_& JJj?c_o <_j>»a_a J hId 
(_L9l JLjJ-t£. =L>-jJkl O-iL^ i Ljj^tj dJjjajj (j-ijj-jijJi-LgJI SjLkjj/ O-iLS lilj 
(«j9j_JI dlli (j-a (JjJai O-iL^ Lt£. JLhIjj <JluLS lil Lol ijjiaj j"'"j"'" n 21 (jjs 

ijLijI 4XJ-LU (j_u_jJL) ■- j se ' a] I 4j>-^Jj (J3-Is3 (J-uLl9 (j-4-3 i-^LjJ C"^-9 ' Jj ' 

5-iLa- i ii t ■x j 3e La 11 x—UsjJil <_2jj<_j (jl i(_£^-j.}lj_JI w SLLaJl » .uali i uj IjtSL&j 

f)j 1 1 ii (_J3 LojLc jj>. I jj>.L>. ^1 jl jLJul ' SlSj (j-Jj L LB>-3fcjQ /^ ^\j>*j)j jll^JI 

. l<jK LgJSjIiiej 4j_jj^IjJI CjLvjII (jV i*GLj/Ll3 
CjIjJJUI i.^iinii (^c lii^txll ( _ ;r 3 3j^j£ l^a^a- (_gjjj!jJI LilLLlI »l air JjLjjj 

(jl) jjs-1 cj£j^ (j-o 5_i^i v^jLoL^ Lg-a jii-1 1 11" (jf JjCoJ.1 (j-o (jlLt! i5jSLLu^UI 
.<U-u3j VI Sj£L!l (jis 1 .it (jl L.3J VI 3JjL»-o (_ ;r 3 i(cjjl>-j 

I j ^ I u 1 j .cLujSLII L^1jLj/j ii-J «cjI_cjI£LII)) (_di3 ^jJ <i I ■ >» a 1 1 ^^.a oj^ ^t'j 
i(l ja2j S-u^SLII 4cl jVI) 5^>.jll «J-it Ajj-1 1 n" j^ ^pJI JjLj/jJI tfju» (^i^. 

icl!i2 1 OJLA 5t-oIj_i pi 1 11" I isLLuajVI 4jjj^IjJI CjLjj'C 1 nl'itl plajui Cm<i^ J^J 

(. ij in; (jL£ L*j>a ii^jI JJLi 5^>.jll oJ-gJ ^jjs-VI i^jLoLSLII jLtli-l uu. Lol 
*LtJI (J^ (^ Ijl uuJl \jt^£'\^ hjjSLII cjlji iU 1 uj| (^^ jj^jj^^^" ^j- 5 tj! 

.*LLa2JI 
4$j"i i"i 'jj'v SJljJj 1 Ljjjjcjj (_ ;r 3 ij\^^jj^l\ 1.1T1 11 sUj/Ij J O-lL^ JL9J 
O-ajJI (_^ (0_4j ij«JL«JI ,j_o 5^j^ILo «Uej| (^ (JJJJJJ-ilj (Jjj'n 1'^ L^j al3 
(jl (Q-^-J 7e-Lgaj| JLoIj . ^ * la.9 4jtli3 . . Luj-^J, «U-oLS 3j^_t-a (j^jt^^tj j-uaL^JI 
iajj*JJI L^l3 J^>-JJ (j^' '^^l?^' Pj- i ^'' CjLalajLLo (jr^ J '" '"' 'J lT^JJ-^tW-" j^- 

(_£j_>jj (jr^j' (Jji^iLaJ i^j-J (jl LLlU-3 i5-ij« LaJI JljJlJu Ij-oI JJ-JJ L^ia-I^ (j-a 
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• <j-*-2j ( -J i^ r'^i (jl (_>±3 ijjSI lj^=-J 
L^J^Ja , U^'a 3ju>.|j *L>-jjs Jj-ujj V L^JLa i<j-\j>.j|j JLl^JI Sji (JjLjJ LoJ_c£.j 
-(j-\jj)jj.}1jj1 ij* _ lAII 4£ I Laj i -I /^J * M o**' ' " a ' ^^'^ (J-*-u^J j J t^"i <3j" << " 2 I 
jjjl 1 j * juj i (jl i«Lj_Lo^j)j JLl^JI i laa Laj>J I )-/J l^3 I aj 1 1 ( ajjall 1 JLA 4_]jULa (j_« 
.(jrjja-jyJa^ll CjIjJ ,»>fC- (^Jl ^Lx^yLi (jjLiU (J^jvjjJljL^JI u < -r * » 
<_■ <-se i ii" fl i3Js)M-«-«JI 4_oljjJ! liJj I i ii i*l 1 i n" I_Ljj^3c_o (jl •» LtaJI JLaJj 

fjJ^I t_!J_l^5 JJJLjJ «L> <_2JJLj j«JJ j-^J_L! J U l"l (Ji-ljJI ^1 jj\J>-j|jJ-l^JI 

I i j 1 i_ka_j_>»j 4(jL91j»j (juj^jjlj (jL$_>u jl (Q->*J JL>*jj Luj-dj j^j-U i_kaj_uj (_3 
LjJL>. JJ-jJ I 1 gj ^;"j (_£J-J! »l Laa-aJl (jl j_j£. .CjLjjjjj^JI (j-o sLSj^j 3JL& 
aj seJLlt a i«L_L3* *LjQ-±£- (Jj-* (^S-usLuj fj_ui 3j->JU (jl j' ■ a£ 21 (j-\-*J Lal_4-i 
J^t^jj iCjj_4-ij 7r t <"n fCJ jj Laj ! I Jjjj-Ls (_J3 \ j i iilj 4jjjjU1 pjj 21 (—5 Jtljj 

jjj . I J **''**' a <■ < nix i(iljl^j_u * l^Jaj J I 4jJj^JJJJ AJJO jl g I LcaJJ aIJjSI (—11 

tjjL>Jj y I LcaAII (JJ3 (j^^JJ 'jj 3 0"° ^-3^>* -5J-* t. iT-niil A^eJJl Cj^-4-1 

L^jjjj (_3 L^jLo* j <a"i i n"j iAjj?E_iJl jj-a j_)jl>. (Jj->J L«L>. 3jl_a /] <a *"i i nij 

' d-Lj-g&jg p^J (—Il-j-uaUsJI CjjSjJI (_J3-f«^_«L$jjk1 ^jjjljJl »l talr <^>-jjj 

i._< x <u ,j_a j_l1SLj (_£jJ3l jJUaXI I jutj 1 Taurus jj-S-!l rjj (_^3 Crab Nebula 
CjLsj^I (j^ •» liajl Jl^j .4jjj^IjJI CjL>-jJil jlj-i^sl ( _ ;r 3 3jL>JI ij\s>.^jju^}\ 
(j-o aj 'I uaJI CjL>-jJJ (jl i4j^jjljjl diLij'C 1 nl~itl i^J^I aI JLJ>-" 1 nLij liLaj^jJI 
■ ■ ^ «U_j_Ljlj (j_S_4-i CjL*_lj1 (^t (j_a Sj—a 4_iLa j^t-u ^3^1 (jLLsj-i-oJl j«_iJlj_o 

(<uJljj/ (jLa dJJi ^-^j i*L»5LgJl 3j_>J! cjLJjjjijjJIj cjLjjj^SLIVI a^L^sj q^I-uu] 

O^^JI (jj^>- CjJj^sj (jjJI Sjjj^IjJI j \l <^<l I (_JjJ3l (JL>- (^Li (j-^J-I (juaj-tjJI 

Cr j-ujSA\ <zi\ J 5_lSj^ (^ « aj i^jdlj SjuiJI iJL jjL^all (jf jl ij-UsU-JI 
(J j_*_a (j^. 3j-a (j^jJ-a j^tj juJ-j (J jl»-4_) 4jjj^1j CjL>.j_a jjLt^u iCassiopeia 

jJ—ljj . jLj>. (—-'(- ltv j j JLj-A j, ) < a rt (j_a ^jjj_t-a »l <i\* \\ x!b^u (^JJl pi » mi VI 
(JS i"i 1 1-dj^tHj /j-Aj ' ^j J * ' eaJ I «■ t-Je ' u-J I (j-o > j tS ^Jx. ^Lu-A (^1^. jJLLtaJU 1 JLA 
i4^txbljJI 3jjLj>J.I «lj^>-Vl (jl (^jj^IjJI liliill »l glr jl»-j JiiS .4jUJJi_ij^c. 
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iSftj^ljJI iSlnll pic 

<. < -y i ii Tl Lai i4_uLUl (_£ ^p-a ^hS 300 J se 1 /^-IJ tj ' eaj «Lcj_*_uj LLa » *j"^" 

(^1 t—iljJLaVI 4_e,j i ii t (Jjuia (j-^-' (j-° Jr!-*-^' r"j'j-y_3 ' L^ u> *" j~ "Lp'lj 
. <LuL<JI (^a cjIjJLojIjSLII (j^s i_aVT Sjjlj i jLnii^U 4^.j_<-u w LaJa? 

. c-t- L ^- t JI jJLLtaXI 1 JLA I iii '< a £>c «_LiL« l£'j ij-uaL>J1 C^jJl /^>- J^>*3-s 2tJ 
CjL>-j_L! (j-C C.<-<-a^>- (jH-II CiLaj I < U dJJj t(_L^»J1 7-Llio ^1 LjJ-JLjj JLSj 
0JLA -i^^J ^.^J j mAj ^JjJjLJ CjJL>.ij ' 4 5 La ' 1 1 £J_A (j-« 3j^Lt-£iJ1 «b^jj1jJl 

i( i -_<j_>»j jL^tAjl) L^^jj-jjj-u jL^t_ij 2i L>-j-*_u^ c^jIS LjjI ^_a i^jjjJtjl 4_t£^£J1 

. Sj^.!jJI 4-uLi!l ^ o!>lo >L£-!I 6-° *-s^ 

jLiJI (j-o 4_«Il«-o 4-i La- i hi a\Juus 3JL>. (^3 ijj^j J^ 3-3jjJLl! SjLU OJL&J 

SjLxjjJI (j-o Lie SjujlJ! 4-o~Ll!I ^^ *_23 Lsjjjjjj^JI S^La (jlj i^jSLII jLJlIIj 
cdij I jlc: Lo t Lie LgJ jLJLII t^*^ i.^jhm L^yjj ^U'iii'i V 043. tSiSL^II 
jujjlII ojSLI! ^j . 4*1«1! 4_iLa- mtl 3^L^ J_j»* L^a i.X mn ,^111 JjLLLU 

i^^_j^1jJ1 LilLiJI »1 olf I flj i --'j ) * ^3-^-1 (jr^' ^ i>. ^1 *tl 4_ujJlJ1 Cj1j^>JU ^j-a 
-i La « "j 2jj '^ til jL^j^I Jjju>- ' al> (J^^JLI (oJLkJ! ^ i.*i> ill <j-\J_jLx-o 
(_gjjj!jJ! t—ij'C i nl'ilLi Ltjj^aj (_Lt><-i '3j$J3 ^iW-^'j '"'^ ' '"'J' J '""*■."" 'L?~T"^ OJ-* 
(_gjj^!jJ! dliil! si <i\c JJLajj w J ' "* .' ' ' ^-»J^ ' nl'tLi LtJLi^j (j-o lj_ui j-ijijI 
A J ^ «_Lu ^jJl-jLcjjLj \ Ua-Il ^jjSjIL) jcj i4_ujj-jj 4_Sjj-Laj j il • ^* I ^Ljsol 
^_jl_tia_iJ1 Cj1jl>.21 "T\ i ii a ^-t-^J d fl j rt "J rt ^ 4 i ii ta^w ^—Jl^x ^1 4_t-a^j 200 
ijLa^jL) J_t-aj-4-i tillfljl si oUt (2A - *' 4_jjj-LaJl i>JL^jj i4_u_uLLL1 j j ' a 1 1 JoLaiJlj 
Cj1j-_>JL1 L_ajJi jj-a 1j—lj£ JUljI i4ji^jj1 ^J_a JJJl>- (-rLc Cjlj^?E_a tai - 4 - a J (j-* 
-• 1 ■ V» A 1 1 l j fJ a A Sja ' ti-I I (j^Lne.^! dJJj ^ 4jjjJI JLajs ("S^-j-J (j-^' 4j^L>J! 
Sja^iLtjl ^ ^jj^IjJI diiaJI «Liic 4-a JLJ-'i i nj (^jdl Lo (jSLIj 

dJJij iajjcJJI ,j^. 3JjLt CjLa^JjLA (_gjjjljj| diiill «Lsie i-aLisI JLaJ 

Radio S-j^-jjIj-J! (^-4 t 3 j ml m -»JI 3juj_Ju 3 j'C I mV oj j a.? a!jlj>-" mLi 
jj^. LaL«j i_atiej oj^-" o^ Sjj '^ w La »~ Sj^j^IjJI j_JiLU,lj .Telescopes 
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LgJ 2 J I nil Ll »l <i I nil lJ £ f-><^ G>-U) (j^ 2jj , ^ ,tl j^tsLUI LjiaJu (jJ-II tilt 

j_lC ^Lj^-S ftLua^-Ua CjJL^j jj>.I (0->*J <J-i tSirius 4_uLi_jjl ^£j * Mill fQ->o (j-"^ 

3_j^j^Ij_II cjL>-jJLI (jl . I 4jvL>- jdl (0^>>j 4JI ij^j-o j-^c (jj^ -iLS_jj "^p^ 

i4_uj_UaJI dilj i i nil (j\J^-° 'LsLiC.I i_LG iJjL* c_u^c /«JLc (_j-l^. (Jiaj LlLkjo 

jj_a 2 jj i a j 1 1 j-lLsLlU jjSLajj V i5_JLo- jLljI ^Ir 3_jj|_Ui3 *\ i ny\ . < 1 1 » j a 

.Sj^jjIjJI j_Jol_LLLi JLtajj j<sj (j-oj ' Labial LgjJJj 

aiU^LHI a^LiJI djIj^aVl iaLSlJI JaJ (Jji-^jjjIjJI dJLLi]! »Ulr *Ls J-£] 
^I^JIj . ja^jj^vi ^ ' m-"l SJsLJu CjIji^j*jj J JLoj-^jSL! I jLJlJIj AyaJjl (j-a 
CjL>*^_II x_j-<3_>»j «Gj2_uajj i^^j^ljjl j I la * 1 1 (—3 sj^* (Q-Alj J-p I La_il.i ^Jt> 
(_3_Ja J'C i"i (jri^- LutJUs-i CjLuI^JI (j-a (jLcj-i dJLutj 'Sjjj (_^-3 SjjJ-iljJI 
3lj-a (j-C SjLo-C (Jj^il pjJJIj . r-jJij-U L-Aa-SJI _ji ^^I^JI j-& ^Llllj j-^j^ 
(j-jIj.4 (_, I r Laj^jjj 4j^jjIjJI 2 al tail *-«-><J iJj-ajiJI 3 Ijlq djjjlj 3_uj_«-a 
t_ll^Li_ut (J^L>. jj_a ^^^-^'J-^' ^lsL>.jJj (J-aJj <Z iSj^Ajl 4_La2j JlJLc j-L*_i-s3 J^>*' 
<j-\_j^La Sjx. (Jl ■^" i u VI jL^>- ^ '"'I i^axlil j j jSj (_gjjcj Lutj .j_jIL>J,I (jJI 
tiJJ j j_*_) ^J a u fCJ *i>^jj '''**'!' (JlJ- 3 >3o j i aaS j' fla» JjjjJa jj^J i ^— 1 'J-^' (J-* 
3j-&L>. tJL^J (CJ (j-°J i ij J - ^ C~^ c ^- ) 'J'-ii^( I (j-JJjdJ fLiJe i uJ jL$j>- /jrl] 

.(^jj^IjJI illiill »l o\c \$i„jJul1 
4 j I r (3iL=J La jj* i(_gjjjljJI liilAll plr d ri uu^l La t_ij^.lj CjJUs-i (jlj 

.Quasars CjIjjIjSLII j\ A^jaJJI i>l j ui? (<u-ul 

3 i .i o-^ (j^Lal Ij-Li^: Ski LgjJ-SljJI liliill »l nlr (jl£ 1961 aLc JjIjI J-La 
CjLi^N i nnll CjJL>*jj iC ^>^ ^^^-^'J ^L>*^_a L^_La j ' ' aj ' p I Lea all ^—5 )t^l^_a 
aj_>o (j-a L^jj_iILcl3 iljU>- - j i a 1 1 4IL9Li. Lajjo «^ljll aJJt ^^ 2jj LeajJI 
I jLjjtj ijjjjtjj (j,^ i ^JJ-^ ISoLui i f ll i n~ L^JI Jjlj LljLS •» LeaJI j^^Jj • ^-"J^*- 
*-X\ L^_j1 I o S Lf.q LeaJI 4xj_lu (j_a j j iS *j^>- ^--1] J-t-aj 4J_il_A CjLcj-*_u_i LLc 
J Jlj 1 JLAj i LflLia jLjjljj j-jJLt-a ^ ' n-»J a jj ' ^3 t^-a-i La-o cLSUa jL*ilj j-uSLj 
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iSftj^ljJI iSlnll pic 

.liliiJl si air aIjJkIo (j! (jSLflj s_j-<I/ (_J1 (j-o i_J_^' 4-3U-. f-J-i-a (_j-^ 
<j_a J-JJ-U 5_Ljl_Ua_iJI aIj.jj.VI aj-it Q^Jd (jJid-^J-" ^li-" »l air JLs.! 
JUlj_L*_u_L, 1 jj_a (jLjs Ltj _j*^J o*~ j cLiljjC. jj-a «L) J_uijj LX 4«L)LulI1j «Lj_uljjJ1 
t^-jaJLlI 4_j^jj.ljjl CjL>^aJJ i>J_A {jlJoJ (jl LujjJE^a (Jjwl j. 5j j i < <i alxj (-H^ 

Quasi-Stellar Radio Sources 4j_ajj.ljJI Aajtill a\ < £i\ «u-u\ Ljolc IjJIlLl -iSJa 

Quasars CjIjjIjSLII i Ijl -<ajj>.|j 

(j-o i—aVl tLj_____o i a I glial /<u ij-iJsL-sJI O-JSoJI __jjvj 1961 aLc J_Laj 

liilj c_UjI5> I il i l_La 4_ua-i-o «Lu-u (jo_ij I 4J.I i no ^y^- LajUljI Jj>-JJ CjljjajCJI 

oj-4 JiLaj I jlSLaj hjjSLII __j. l_Lc p i n-v jjljI Q^SLj 4JLa 4JLjj_j»JI 4_ii.l i no __jj> 

.3jjj>J.I si a i, ill jLiJI _jjvl i(jjSL!l 4J.L>. _-lc t 3 i^iaUJI 5_uLiaiJI a! ma.Vl 
jjtj nji3 (_gl 3C j— ojJLi I j i la « a IJ-jj si a i ul iLJL>. Cj I j jaSL! I (J-aj>oj 
JLJ (j_a (Jjl (jLi JJ9j '^-iShp'j-" )Q IxalJ cJliJI TOj-j-aLS I aJLcaJ jl < V.^l 
3 jaJSj jjljSLII i(_gjjjljjl (0J*-Lll 4-±_-u ALa-LasVlj i.\t ill (j_a JjIs j^c I U , ,.a 
(jjJJI j^e-J <Lii> ^ a-ila 7-lj-Jl JL-La i Triangulum o-Llil S-cj-ajs-a ,j_a 48-<jJ 
4j>.lj2lj ij_aj>.2l 0_>t-i La 4-SlaJLa __j. 4JljJl )tJvaj>- OjlSj lixj^ej ij-aj»-2l 
jLt-oj-a I j A uijS| _yl!l i_j-Ijj>J,I JjljI __-3 c-^*" ^jL)-*- J-_^ <L *J-J L 'I OJLfl. _yJI 

. fQj LjlI I ,_j. ^gj i a ) * ijN i nn j-jj I j LaaJ u 

4x.j_._u _yJjC JjG i48-<j-I 3 jaJSj ro^*-i-II 4 i u< ' ^jl-^ _yJ3 5jsJjVI _>JLa. 0_j__j 

Lilu La J . ^ jj (__;JJI jjlJI (jf (__;! .2_jJl_UI ^.b jUa ^JjfC i__Jl 1 10 j_Lu JjcLu 

,4_uj_l__JI £}\jluu\ jj-a JjO^L. 4-«-)jl ^—Jl^jv ^-Lu ^-4-JJ 
JJLjj (_5-J-II ^1 i n >^<l OJ-^ ' \) jJa->J I 4j*jL1. i— i.1 mmSVI I J-jJ (jL^ Jlilj 
(j^-ij^-ilj-ll L^_ yJJ'"~ ijr^ 5>^ J >»i 1 *■"'» i" OjIS i Luj__se_a ^—i. 3j-jJlj__3 A^_?e_i_s 

jiiil Jjuj V Ljji Q^jJajILij IjjliJj . I j*'* Oj 'I L-aJI Sj^jjIjJI i " 1 1 i '■* • * II 3ji! 
Lie Jjljj L_gj) lj_JL>.j _JL9j jjjX] ' ^_^^ i4_uj_L__JI J^ i i nil jj-* Cj_j_a » L-a ) ^j-* 
p^j jj-C i(j^jjljjl ijJLLall si air I JLA Jju (JsL-uJJ „ 'J '^* CjIj i i nil ^j^j^L. 
i5a___JI 3_JLjJ_i_u 4_^oJ_iljjl CjL>.^aj;l i>J_-b _p-a jl J_t__>l ^j-a ^jfC-alJ /^-lll 4_3lI__jI 

J____i_L_>tJ (Jlj-J ^1 Ly-^3 d _ >J ' a J I CjIj '( I nil ^A- 5 ^-) p I Lc-L-Lll ^—ii J-U_uj -il-_L_t_J 

(jjljSLII) (O^c-iJI 4 j ui I 5-ti-j-aaJI S»l t-aVI Sjjj (jl I'lliill si air jJ^ Ji2Jj 
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jJJU (jjJ' tiJjj (_p-o t(j "3 i"i ((j^jlo (J^-lLo) (J^-lujj ^l^ys* «JLp 48-iiJ 3 /aJSj 
(^Jjlaj i^Lils dili <j-a j_£l 3_Laj2jJI 4^LLaJ! j! IjjJ^ L«£ iLlUajl LgJ^. 
( _ ;r jJI SsLuaVI 3^J9 (_£jL-uj IjLA (OJc-i-J! 4jjI/ (jx. j ''"" (jH-I' S^LjaVI (jl dJJi 
. ^jli olll SjUJLtlu CjIj-^JU jj-a 3jl?e-o (j-u^lj jl Jjjj ■"■<" £j£. jJLi-aJ 
<j-o fjj kJ| : jj* kJjjjIjJI dliiJI »l sir j-o. (_£ jJI (^j-uL-uVl Jlj i. ill (jL£j, 

.^(jjljSLIO ^s^Ltl <Uu Ji»ta ^ J^sjlj 3JaLkJI 

CjJj J-5-3 . aj^*_LJI a\ i mi! (j_a j ) "-> " (j-J-II 4_LSLjJI SJsliaJI j j i u-all w flS-J 

(_gl) Local Galaxies CjIj^>J,I (j_a 3 j I -»J,I 3-cj_«_>J,l (jl 3/^11 ciLjl m-sJI 

^^ 4lal£ I ^"al U /"» i A'" , ,,l jj i(|_La SjJc-o 17 t_!J^9l (^l S^LuaVLl Luj^c-o 
f.a Lea I 2ij iS^JLll 0J-$J 4j^j_}1j CjIjLJuLj (J_<_ujjj (jl * _*"*"' ' ■■" (j-*^ i L5jL5 J (J^LdJ 
I o S ' d ^ Sa Lea II Cil a < Mill (J-U^Ljj JjLLu d ^j~*- i ■■ CiLbl i na (_JI p. a-uajl 1 J-$S 

J J LgaJLI ^Jt (J-U-J-l (^Jl^-ijl (J£. LliJ Lb rU (j-«J . «Lj^J_}ljJl A^E-LII fl| t Mil ^J * dJ 

sLaJLc aLoI LjajjuL j-o^l -il-ijj IjSL&j itLaLtaJL ajj*-L|I aLuuil JU-i (_gJJI 
ajjcJJI) Laj-jj-jj i n II 3JsL!a (jl LJiiaJI »l glr (_>^a-»J iiji3 •LSj^'j-" liiiill 

. L^LsLLa a^eJjI al i Mil L$_L« j o**( i n" M^jul jjLt-aJLI (_& (j^^J '- 4 - 1 j ' v*j T ^"' 

i LJJj (J t jJ-«j (jS_4-i (-^-1 i-^^J-JJ-*-" J^ tAjl (j^-iLa cLiLo (_J| ^"LLrtj (jl c-t^tj (j^-lj 
.a^j*_L!I oLuJul (j£. j J i -»" (_^UI 3jLl>JI 4^LiaJI 
mjIjj i 1963 aLc (^3 Fred Hoyle Jjjj* ->>3 jj^AII (J <lrill joJUJI >L>.j 
jLjJjj 3j_SLsj .=Lu!iL>JI i U j . V> jjt 4lSL^JI 4^LLaJI aJJt u < j i n (jl 4_l3 (Jj-5j 
(_^ j ~ Ij j 1 1 * (j-iLL ^1 (jjLjj-LaJI j«JL«JI L^j «L>- i=LuiL»JI . U i ■ V. ( j^s 4^Ua 

i^jjLjVI I jut (j I r 3 jinn Mill 32LLJI ju-u j mij (jl L^j JjLa-j 1 1854 aLc 

^j^* Jl L^_Lgajj ty\£- (j no Kill 3jLo JaJi-Lga (j£. 4_liIuLlI1 iaiiJI 4j%_uj L^jLj (JlIl£ 

I j'.al u j i . -~.~ CLu\£ ^1 u n o i"itl (jl i4 j^ LaJI ill LI i n-»JLi •» LeaJI 4J 2 «Ljj_LaJI 
. 4_u_o (j^_iLa j "-i- A kio^. (j_a j^iSl d miLc LL i la i * 1 1 I JLA (J^. 
(JJi 1 J_S_Aj . 4 (mi (j^_)^L) g| in o^. J_Lc 3j^>*j_a (j no Kill (jl l_3jjlj LuSj 

j-jjJI ^ iBethe c^lj_i /«JL«JI «L>. ^,11^ Vj^^o 5 j , ,, o uJI 32LLJI j.t.^>« 

4£l_4_Ljlj1 a la * rt (j_a x^x£ (j-^^ C?'-^' J J ' "^"'' ' (j-j^ ki* II (jjJLJI (j_a (_jLu1 
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iS&^lj" "-SJLoJI pic 

, -<\l r I A'tl l j_a 2 i ill i u ^Ir /<uLJS (j .1 ■; Mill lJ £ 3al laJI j J -^» a (jl_> JjLill j-Aj 
S_j^_kj_i (^1 !_gj L^JLlI l_i_i J$-«-J JjJ-* 4>^ (oJL«JI (jl J-><-> IjSLaj .SjjijJJI 
^j^-lLa 4HTo f-J-JJ rn i ii^- -S^>\9 O^- 1 «Jj ^** 'j "-^ *_*_uLU1 (jjJLJl ^—5 j**''j^ q 1 * 
jj-o I U ia-j (JJJl i-dJj J^-* 4j3LIa JJ^j ^jl » „*"***' ' ■■ ' *tj u q Mitl 4TxS (j»a I ^* ua 

4-jlj^>-l i La « i '-"> QjSLj <_2jj-u isCLoLitxia ( _ ;r 3 J}^-*-*-" (J^W *-ut>JI I JL^S 
Cj^LcLoiJI (j^(_JjSl 4J3Ua jdjjjjji.1 jJI (_jjj J 7"^ ''_""' J"-.' 'L*i>° ^ j ia*j (jr^- 
Jj i(jVI (ji»- -i^gJi-o j_lC ((Ji-ljJI ^1 jLx-iJzl) j-i^Ju U5^ "-^3 -^JLJ-^' 
mJJ-1! JjL^JI p hi -»JI I j_& (j-C Jjill o^-^f '■ i '-° L)^3 iSl ^*-> O^i ^ ^ 
. Sj_£j_tl 4—ljvLJ ^1 Lt^jj ' aJuu L^aae-i ■■"'■* i I j i a « J ^j^£- oj'j^' * ' ^ '"' 

(Aj as i II tj^-! >l J ' a «U (_3j-jlj z JjJ i ii i «L*_u_ij da_irs_] c-*Jj-C (<s^>o j-A ^Jj 
^jl ■- ' a **" i4j^j^ljjl j-jJaLUI Jjj^Ja jjx. «LLa I * 1 1 aj (y^Ji Cj Laj U 1 1 t. < i n-wj 
4JbL$jl «G£,j-*_uj r* J ' a 1 1 (jl m£| t4_u^_Ua ^-i-*-" j '"■'" (*-> >^>* /*-^ J Jt3'J^' J 
-tj 4^j„^ ^j-a Ji i4_i^_L>. ^—J! cUi <a mi jj_a d * la 5 ' /^-I '" J ' ' " J '""^ (jr- ^'^ : - tJ 
(JjJLj 1_«^ iJ'C i"i tl -i LaJjJLa j-^. jj'_J^' O^ '-^1 (j^lSjj jl JjJj J^ i4_ij^. 
i. 1 1 1 ii i i^LjLA j<u5e_J1 cLtjIo (3-5^ ' * ' ^ jl J-S-a ^jjS j i nj . lLlLciJI g:l olr ^j^->* ) 
^^.3 i - . LalSlJ 4Jl£La ^ d ji^ijal 3j^-II CjJL>.j ^J lixjjaj i3x.jjJil 4_u jL>JI 
^jLUalj^.1 (JJJ-A L^'J-I ^^J-iJ «Cj1j**i oj**i' i " 3jLC I AvJafl iSj-jJLt-a 3jS f<i^>* 

•.(jLu-.yjj 

j^Lj_o (j-c iiLLflJI «L«JLc. p La « " d jlr (j^jl La j-& i Jj^' (_^o!jjcV! - 

Cj2iL>JJ j-_ljLj *_ aj i»_<j_>»j 1!il ^-j^SJl jLijI JJJL) ti^p^ ' *JJ IaJa a^jje-JI 
2i 4_t_L»-a a^j?ej>. LilLLAj .CjIj-^JLIj a^eJjI ^j^Slij t^l LcaAJI j—5 4_u_u_ual_Li_l1 

^yJl J j j in II ' ^j^' a (j-M iL^iLo. ,j^ 5^jlSjII (JjvIjJ.1 ^ A^aJJI Ltljuuj 

Saj se i Tl o\ i Mil (_3 jJalLLLI fQj?E_>J1 Jj rt-_^CtAtl qjAj£\ I <-j ^ jS p i n^- -^>*J 
Aj^till oLJul O^e-so ' ^j^J SLgia-l ' 4jj|jillj 4jjIj^>JI Cj^icLalll i. 1 1 .n iS^LLI 

djj_Jl_a ,5_oL«JI 3 j j i ii 'ill 3jjJai!l ,j-a ^Ua i^HII ^palj^^VI Lol - 
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» LcaieJ (r-Aj tCju^j^JS f_^-mJ CjLii jj-a «L)^£La 3.}La p.fl-Lcaj| (jl i^J-i tj^**< nil it 
^jj'j ' eaJI Jj^LLa! (oi£. (j^a jqIju (j^sjj 'L^J-^^ ' -^'^' f-ri-" 1 -^ ,* ' *~* ^ej La£ 4_u]}LsJj 

(^1 (^3 4-uiLjJLa lEscape Velocity (dj^LaVI 3-cj_<-u) Lj^ ml 3^s tllLLa (jl 

(j-SLaj (.j-^-Ij 'f^J-?^' tdJj 7f U I n (_Ac 3jl^>.jjl,l jljj.1 J£ JLmJ lJ ^[ iV"! f^>>- 

CtldJj g I LgaAII (_J3 ^Hajj (jl J^SL^-i /j*^* i4_uLul (_£ j^la ^nS 7 , 2 (_& «LLjj^a 
(jl 4_lSLLUI CjLj/ljjJI (j-a (j-^-JJ ^J • 'j'"* -0 *" Jtt'ij i(_p3j2l 4-uiL>. (j^ 
j -i^tl (jl dili i4-uL\t! ^ j^a ^1j£ 7 , 2 ,j-o Jjjl j-«-aJI (j-o cIj^LaVI *Lc><-u 

«Lcjj_u (j^s" i n a (j n o i"iU d 1 1 nitL Lai i(_pDj2i c-iS^S (j-« 4_u!iL>-j «iiiS jJLt-a 1 
-^ m->Jl 3±£ ^Ac juitj tij^Layi 4^><-u (jV ijjiSLi iii!i ,jjj ji^l dj^Layi 

a\ i Mil (jAJj . Ljij-Ls «L*_a < i i ■■■ Hljo-^I LcaAIl (_11 £(. i iill 4_La jAIaJu (_£Jul 
«Lcj-j_u (jnS **i i n-(j n a i"i 11 4 PS (j_a CjIjJJ (j^j^La I j" uS f-Lu CLa-o^-a^eJjI 

. r J ■ a II 3x.j-<-u (j-a j^S I Lg-La Cj^Ls 2 I 
tA^j5E_JI (>Lt_tIul (j_a '"-'^' (ji^-d j 1 1 n ill sLjjJaJJl (J^-^J L£-3.iLa ^j LgaJI aI_}Loj 
4 4_LL& «L>.jJlj L^jj1jj>- <3j>.j.} pLfljjl (Q-Cj d oila^q Lai i u3»l J J t**< i n jqj (j-aj 

jj i" i ii (jil A^aJJI oLiji/l (jLa ijjicj (J^ 3j-^d Jj> " c^i ^LLaJI P^j' (*A>ii 

( _ ;r ^ Cj.iL>. j_A La IjUt (j ii j 1 (j^-!j .(«-j-«_U ji I i a a 1 1 ( _ ;r i5 A^LtaJI qjz 4jiii3 
djj i nitl <LjjJaJj! (jl 4Jj2j i(_p3ljHcVI I JLA ( _ ;r L^. (Jj^jt jj i n'^jj-JI J_>JJ • jtJsl^l 
4_LaLS Lai i ii ~wj O-iLS^J Li_uJ3 tAj se ill ^1 i ml /^Lc I ^ 5-u IaJ (jSLoj 4_aL«jl 
(^1 i. i j itj-! I jLa-ajVlj (JjLjJI i ui ■ V>tl (j| jlu .(J*\ i"itl d 1 ty. ' ^ SjljCLmVI 
(__i3 5jL\**t i ii z 1 Jj_u jcj (j-°J foJaj-La J-^ ■ fliS ■"■ (Jjt_>»j ijSj-LI ^e_] (J^l Jjl 
n_aljJo2l (^1 I j'" ^IjJLl (j^\* jj.'" I jSLaj . ^Ijt" i ii a <Lul liaAJl aI i n-vjl oJUt 
jl > o**k ii zl (j^a a^j5e_LJ| (>LjIuI (jSL^Iij LtN itij ' g j ' ea 1 1 CAdJ CjL^HIII i>J_A (j-aj 

.(j^ ii nil ,jjj (j^j^Li SjJ, 2^1 Ull JLu/jl lJ J2 

f—h-X-l (jl (j-a 2 JLj 4_]Ij-£. j-a 2l JLjJ-J (JJ^-^ jjj i n^^^Jl (jl J JLu LlAj 
Aj^aJjl tfl j i"il (j_a I * I ■ aj (^lll 4^LLaJlj c j i ea II (jLS liLij *»j^« a lj j i gjj 

LJQ-J ULjJI J JL^Jl J ^- d J i fl < e3 J I CjI^ '( I nil (j-i )>l *- d ^"» ' tjl OLj3l I nil 0JL& J-A^. 

(j!il l!iLiJ3 4C_(JjJl]1 _ i\ LgaAll p i n"»J1 I JLA t <Ji^>- (j-a olAj (jl pi Laj i ■■' (^JUI 

JU£. j-a^il ' ^^_' Vj .?4iS p i n->JI «jjJa I i 1 1 r> j jj La_ii5 (JL>JI 4_lLc (Jj*Cji n 
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iS&^lj" i^lnll (ale 

(jL^j iiiLI J ,j-o j-^' 3-jIj-»JI (^1 ^. ju Llui/ Jjj-a ^^J ' ^' a i j->JI I jut 
.4_lsI^ (j£j j«J (jVI (_^i>- Lu ^->j-° (j-^' *^1>*JI 

A^till oLiji/l (Ji-!-S 4-ul jJI 4-uiL>JI (j-a T^jl—Lll ■ La « i a 1 1 (jl Jjj-A Jj^d 
4_jjj_UaJI cUjial ic.LLajjj/1 ( _ ;r 3 (jjSLj-iiJL\!l t_iLJI (j£ •» i galb i ■■ I oK-Jij-ml 

*u <j-«j iJjLt =Lu!iL>. (JL*jj (j^j O-Laj 5JL»JI i>juk ^a I g IS lj i*LLo i ~ ■ Laj (jl 

.(JjJol =L>-j_o Cjlj (J5UI ''j-" 1 ^*" (jj)^'"*^ il^HaUa foiJ-«J SjlsLs 4S\^ La £j-^ 
U uA°i w fl-tlajl Jjljtlll 3*lj^9 C"^ ^->^LjJ-*J iSj-^- 1 O' < ~r^*z! '-^-ta C"^ *^-3 
Lix. JjLLu (—iLUajiJI ^ i <i"»J1 (jl ij-^jj>. 2l (j^Ui *L^>- ty3\ ' gLilaJI «L>Jjl (-J-*-* 

<AjjIj (jjs » j i <i 1 1 4j ?■.>>■ (_g JJI ^L^vVI J^Lc (Ji- jj (jl <-7^*j ^Ij "-. ' ' "''•j 

.jajsJjl 
aj^*_LII al i mi! (JJ-SLj (jl t^-i-^*-J 'J-rP*^'' lS'J-" ''-*-* (J-"Lx"2?l Ij-A (_^-l^.J 

(jl . (_^jju jl>.I z SjJu-alj * ) j^l r^-> * LLiL_u LJ^SIi La-o Li^tj>. jJu-a I j * ) j^l 

Laj_«_i (Jj^>- iAj^a-Lll o\ i uil (j-C SjijIjJ! aLsjsI iLaj^j ( _ ;r 3 I iSS mij (Jj^-A 
f. I 3-Lc.J • Sj_j_>JI (j_o 4J jIj^S 2 J-^-J (_y3 Lb w aij 4Jl i L^JsiLualj I j 1 x a. J 
-j-uaL>JI dt^^Jl (— ^-(j^ A i aj t< t-LAjlJ)a c^lSb ill (_^ (jJJL»_a (j^Jlj-j Lo dJLLiJl 
dJJi .. aj^JJI a\ j Mil jlj-<-ul (j-c ' a ulSLJI 3JjL>J. iMjjj^IjJI jJoLill (^i^. 

.(j^SLII 5^L^- jux. x-aj Mjjdl jjJJI 



j-j^_t-aj jq_ij i l_Aj^c ) 1 1 nl a^eJjI f?l i Mil ty\£- Cju^S i ullJI C^Iaj i ■■ La JUX. 
«Lcj_«^a_o (_yi («^a_Ltl d j mi I i " i La 53 1 1 (jt^' ti-Lti I j-» ■*-»jl (jlS 1 L^-Lo j_uSLII 
(^ i. . i mil jj* l_Lo (_,j mill ^l i^aAJI (»j->JI h-L^ (jj^d ^J iVirgo «ljjj>jl 
C) J y mi (j_jjl_a j^IlSjjl I j U^".tl (Jill jj ■ aj| 1". A ,".S jUoJj .7-^_L^aj1 I JLA 

dJI_La (jL^ jlII .j^s-I s-^j>c- j-°I (j^. 'jl^jJL 1 t_jjSLJj ,jji Martin Schmidt 
M^a (jJbj-(23-j£Lu<) ^ j^Ua^o j^j -3C 273 (273-^iJ 3) JjLa ^<u>o <uA 

jJljus] (Js Mill (J_ilajj_u_a j^>-l /j il '^^ ^ i u3- 4j_a «bj-S_a (_ix.j t^l o Mill ■ La i --J 



tl-ijjjuJI t-j^&Ulg Q9SJI 



<d_La 



^—Jlj^^ f-J-J-i 1 JUfc (Qj5e_u1 «Lt_tH/ (_«-j!i (JJ-ks (J I <—)JLuj_iI/ j^Io JJJ •*■ *>>"l Jl3j 



5jUI 

SSjU! ^j^j^"' jjfc La3 .Anti-Matter S^UI ^j^j^'j 3-iLU (>u a >l »^" 3^=e_»21J 

j] ^1 i LaLs-l ' fl-Lxge * *_u3jJl j] J_>o 3_}Ltl ^j a J 3 * (->-^9 * £ ^>^^ a 4-X3c-uj 

(j -a i ii j 5JI_>JI oj_4 (jr^j t4 it i~itl 4_i!L_u cjLJjjjj^JIj 4_ij>.jji cjLJji^jSLIVI 
.(Positron (Jjjjjj^jJI) 3 be uJI t_^vjji jjj^pSLJVI 
(j^M-cLijj 1 1 j 1 1 a iSjLLI ^j^-j^' (j-o 3jj «_o SjLLI (j-o 3ji JjLajj Loj_c£.j 

^^.3 j I U " 4_LjLjt 3^Ua ^JJ I ^ jj"h< J^ J^tjjj I ^ j . V»«j (j| 1 U-»j'a [jus 
q_C i ^ I j -»- j 2l 4_tia_Lfl_u1 SjjJIj . LaL>. d * ml ^j-a d)L>.j_a ^Lu-A ty\£- tJjSJl 
4jjijSL«ji Sjjj^s ^1 ^j-tb Jj i4_oLijSLI! jl ^ J*J iJaJI I j~ I a i a ^ 4jjL«JI 3j jdl 

.4j^LjlII SjjiJ 3Tj_a Sjjj^s L^JL^j 

LULc ^ j^ L^ I ( cr kil ^1) oj>^)" o? c-^y (24-jSLiJ!) ^ 

jl i u-j II q-a SjjJI J^lj Jjjj»_a (jji^. JJ^JJ (") 5_jJL_o 4_uj-^ 4 '< x mi J-^i^tJ 
«L_uxj_a gLLrtt-Ju (J-<i^t_L3 i((J^j_ul /^-I|) ^^jILjJjjJI jl «LUa_LOJ Lai .^\_<i_lI1 £—11 
^ J Lol . j Liu-J 1 ^-Jl ^j-\_^H' (j-° L^l 4_u_uSLc 4_Sjj-Laj i>jjj»_a /^J^. Jj^j 

^LtJ jj-uL-ul ^-.A LfcjjJU CjIj JJlj iCjljJJl (JS ^Lu (—S jj-uL-u^il jL»j>.l 4_jLL4-i 
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iSftj^ljJI iSlnll pic 

d .'--.j^'tl s^LLIj 4j^L«JI S^LLI jj\j j-ujijJ I (jSLx-i V j^SLIj iL^IjjIj Ltjjj^j 
JSLa . LaU. 4jui,| JSLJl^ SjLo. 4^LL jUjj 43jLSL!l iluLtla i>LiL2j !il VI 
3jjJ9 cjLsLLaJ j j i n->»j (J-i^3 2I ^3 jj* iS^LLI jjj^5 jLJtljj Q3SLII (_y^ LJ^>. La 

jlj'Ci a J La 1 a I JLS 1 La SjLa (j-a f^J^*- J-^P o' I ''^J-^ _J^ • SiLoJ CjLcLkjI/Ij 
)J_c La t^ga-il < a^JI 4^l£j (JS i"illj pj-i-li ^j "^ ' (j-* ^-tia-Lflj 3.}La (j_a aij^>- 
jJ (-H^>- L^Jo^. La (JjJ 3_}LU /j dJ 3eJ J_iJU£. i^jjjjij-dlj ^jjjIiSj VI CjIWi'i 
^•^a I j . v> j ^ 1 j 3jUI oJ_a->«j j_2J .^1 S 1 nil (j\J^-° ^ *Jr™ 'LyJ-a <-^->LS 
. LgJa^. La J£ dlLp 3jL». djLcLojilj ^LsLL ^1 iS^jjII <Lj.sLU L$2lL>. 

3±&_JI = ^LsLtaJI) '.^'imimV SjJ<j uJI 3JjL«J.I J^xLaJ Ll^.J idjjjej La j_u^iil!j 
^j_a a1j-j>- a u Sj (<3_uQjl (_£ jILa_u_u_uJ L) 9 a > a J I 4^j_lu f-fj^ 6 X CjLalj^>JL 
( _ ;r ill (_gl (j^^'j^*- 3-^ D^J^'d «Lia-i£itl SjLtl (j-a j»lj^>- ^Lj£j <LoLU 3.}LU 
-j 1 ea ! I 2 <-j , "j-jl A ,^i 4_j^Lj 4-aLalj 2 ro-^j (_gl (3 10x2) (jI_Q£Ljj-aIjj>. 
•■j"inj"iii .i( 10x3) (_£jLvuj sLuLJI ^j^ j"aj" ' "i I Ll 

= (j^'mimI 3J.iL«_a <._. in-». SLsLUJLa ^il) 
Sj^j W Erg jjVlj (j-j! 3 I0 x 18 = ('°I0 x 3) x ('°I0 x 3) x ( 3 I0 x 2) 

j-uLla ^1 i5_Ua_t2lJ1 3_iLL1j 4j_iL*J1 3_iLL1 (j_a aIjj^L^ a \\ *^" ^£. 4j*jLJ1 

) (4jj^) 4jJ|>J 3JLl^ 2200 ^IjjJ 4jj-lajCJ1 42LLaJ1 (JjL*-uJ 4^LLaJ1 i>JLA q] 
j2£ ^(cjIjjIjSLJI) ^a^JI ^Luif jj-a j JLuaJ ^,111 2l1jL^J1 42LLaJ1 tiJJj u ijmi^j 

La aj^5e_J1 i>Li_iI/t ^jl - Stc .X3e LeaJI >-Lui-AqJI jjfc iJLA (J-^3 '^ J ^' Lga aJ| a Li-uj>. 2 1 
. tl)5^-I I ^ L>- J-Lc 1 JLl«-J j_)iajj-j I jJtJ (JI1-4-) i j-^3 L->*-J 1 CltSjJ 1 (-r-^" t — " I j 



L^Ll^^? ■J^'l^ t*'j^ L^jl-^ 3Ju^ ^ c jjjI I jl (j^lJI 5j2JI l 5jL<-uj ^LL 3jl3-_j : Erg. rj^' (*) 
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iSftj^ljJI iSlnll pic 
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?I^9jwJI t-j^AoJIg qjjSJI 





SjLaJJ I '-"'J * ' L-Lja^ ;_£ 9-*-) (J-ffc • (25) ( _pLtIo 
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W\ ^tfti 4 



U§ ... JlgMl£*ri 

3j|_j-C j«_ij_2JI (jl i ii \^\J A 1 1 ii it Li »l <i i nil O-iLS 

_ a Lga I ij^lLJl p l^jl ^__S_i I (j_« d *~ I ■ a rt 4J_iL& «Lt£ (j£. 

3_l2I! oJutduL^Jjill j^jL Loji£.j .dl!b. jljj^i^ 

i^jjjLLlS «LdM^-* d '^ Laa rt SjjjLc ' La S * I (jl jjjj ^Oa i nil 
j ■ ■• fl-j i j— 02I i^jLj (^ (jLlujVI (jl^j .A^ja-Ll! ( _ ;r j» 
jJjjj .j-ilaL-u^lj ji i'iILi .tl ■ V»«\l ill Sjj< ill a^cJJI 
iaja-lU 4jj_&LLaJI CjLSj_>JI * jxb aLJS (jLuuVI (jl 

d *-J O"^ >Lui^ll (_Jj1^T (j-o O-lLS ajj*_l1I (jl JLl 

£'JJ L<i_i£ tvpLdlLjl I JLu fQ-iJL^Jl (jLi_ujVI C-i- L t rw (j^u< 
(_5 (J_aQJ1 1 JLA 4_La (Jaj>- JLflJj . jlj-<_ul (j_a d * ^ * La 1 1 
Luau ^^ 4j^ 1 11 ill 4jLo- CjLLaj>J ^j^** 1 (J^L^ i^j^SJI 

j«_L«JI J j <Lj liLa (j-SLIj . ULcj Laj i nlj'^j Ij^Lij 

«Ljjij-^ d 1 mi j I *Ljj^)»S 4-jji 1 11 aIj-j>.I a^e-JI 

j<u (j-oj 'Sj'j-^' SjljJlJu 4j*j*jILa Spheroid JSLAJI 

CiLcl * Mil f J ->J j^j^>* 2L1 jl ■- j ' ea 1 1 d * 1 11 a (-j-^-S 
(j_a LJLc. a^j?e_u1 (J^Sjjj . (-j-ajla LLi_a j)j»$£j I L-a-ilajl 
I (j i a jJUaj LaJ_t£.j i-^j-lLjJIj (ju>-j|j JL14JI (.gjLc. 



4^LU jl>-jj 1 1< pi Us il (_p=jVl JjJ cLSt ^ Sji^sV LaljJa LlJI J-^j -j'^n 
cj^LcLiJ 'I^ejj-i I nim 4^aLLaJI ojutj ijajt_Lll (Jj-l^ jju i nU (jjjVI (2>c /tJ-2 <UjL& 

sj <X /j I c CjLa-i-sa_) (j_a Cj^_cLaIUl 0JLA ^l^pJ La (jjjj-La (1>^J '"^L)'^ ^JIJ- 1 
i—Sjju (jl » jUT' , ... i l*j i^" (j-^' '"'I Lta lIII ^1 pl_tCL-u VLj-l^iLJal-AjjaJjl 
^ ^ - ' '"'" (lA- 4-1 J- t - a '-J JL Ji ' ^U* 3^1aj>. (jl tili-Osj . a£j?e_LJ1 jj-il Cj Laj U 11 (_p 
V «LjI I i Sa i jj>. I (ju^ijl J^c LJI i ii il L$J j-J-a-s (jl * .u all i ■■ 1 (Jill "" 1 ' a ' '' I 
4jt_j_ilaj1 ^3 lJ J ' a '*" J^>-3-i 2[ lLLJjiS tOI cu^a-JI ^j tLa I I i j ! (jl Laae "■ JL>.oj 

, i ^U»' I i La a La 3> j'- 1 ' I o jl 
I j * a :d rih-e-a (j^aJl '— '' -* '*- :l J-? , -''' L^-*^4 ^r!^l J J O^ f^-^ 1 ?-^' J^-Pj 
<_2^JL>.I '-. ' .' ' "J -3jl3"'J ^-* j *"'J j n <^al I j ' a j i(_p=>LuJI » . ^I'» ^j^-j; >l 
(_^l£. (j^UI <j-° ij '"'"' lilljJj "^ uiaj (<s^*-iJI 3jIjj>- 'l^-j^ t_2^LoJ jj» Q5UI 
pjj ij_4u>-2l (JJ-LII Cjli 3jlj^>. Aj^a_JI J^Ij .(OJc-JI •» La 1 ■■! 3jlj^>J! *l^>-j-S 
(j^aJjl Cjlii lj— o*la, ^j^J > J I (JL9-"' ^'-^ f*- 1 'j ^ ' taV I (j^alll Cjl!i Aajse-ijl Lg_jJj 
t. < 1 11 ~wj iO-^aJI *— a L$_^aJ j_jJl1j Aajsejjl 0JL& ^j^* 1 (jl C< 1" JtiiJj *3jj^ ' 
CjIjLjxjJI ajjc-JI J j" <"j • L$jLi3 ^1 LtJ^LLa (j_a .jjU'.tl joijj/ ^£1 L^Jl£La 
La1j-j /^iJl t^ 11 a '"ill . • AaJ*_!iJ (JLi-a j»osj t4j il Lga-AJt a1jj>- 2I {j^i 4_u_uL_u 2I 

. LuLo* CjLaj^a L^_La JLsU-*-uJ ^-HJlj ^J-i Jj 
^ 7r j 1 11" (j\J^-^^ Jj> -^ t j^j a i"i V I ,-l a 1 nil ( _ ;r 3 LaIj-j (^11 i*^ 1 *-^' ^*^ 
Cj1j_>J,1 L^-ij-C ^j I La * dl-kl^ a 7- a £_£ ^j^ S"i" (-r^' c?^-5 *cr J 3^' g tJaAJI 
CjL£jSL!I I g-tlc (ji-Laj .>j uia. (^ CjIj^>J,Ij A^jaJjl ^> uu -sj I i^ajlj iGalaxies 

. Constellations 
Of] CjLJ1j_os ^Jii-a-i L^jLj CjLtSaSJl 0JLA jjjjLuI Jj^tj i^j-^j-^' ra-iJ^ J_Laj 
Cjj_>JIj jjjJI el Xj< 1 <ll ', j'a Jjl-^1 1 ■■'ylj '"'^' a ^J J-JI L^Jy>- l»Jg ' " ' ' VLLa-l I 
j j "->" u 1 1 11 ">■ ijl_ij>Jlj J^j_a 'l-JJJ^ i-i!Lijt I Ltajlj i4j>-L>.jJ|j (jLLaj_«jJlj 
4cL_L3iJLLa jj ^ ■"■ jj^ii. si a i nil d se d < a 4_l31j-<uj .4_t£^aSJ1 /]£> i"il ^jj JLt-aljJI 
pj t(^\_*»a ^J ■ ^^ jJ^Lis (_£l JJJ '"■'! ^j^* I (5-3 j-^-LaJ La^_>»J lLILlA ^jl LJJ •* LcajJ 
£^C Jj_2_l (jl jLLkJ.1 (j-aj .(Jj^i~l CjL^Sji (j-a (»^->J L^Jj-J j(jU>"j ^li"^ 
t. i i n ^> i^LILa l_o_jj-_>J1 jl t_£L_j_t-aJ 1 jl »l**i 1 11 II CjLtiap L^jI A^j*-i-li CjLj£aS 

.4j£ \ A, j j j lA l_Jju (_gjJI J "-"^11 
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»LuaJI |>o pJlc 

- I * C J^-LJe-ui-I I LaJUuj t (j-u^-tluJ Li d-ijULLLj iSj-JLua ajjseJjI i_£j»J (j- 36 - 1 .^ 

4_uj_ua 3Ju-ij 4j3 4^1 ..I a Lt^. jjljj iAlfaCentaurus ^j-jj^'^ LiJl *u?e_iJ1 j_aj 
U "JJ * A *-^' , - kJLJ '- 4 -4 J i J-*-° J . UL^r-° ' 49 i la i "j"U /jJ3 LJ^. (j-u-o-iUJl JUu) 

tfLimJju OJsLx ajj5e_LI1 ftjjJaj «JaL_u (j-a^-tluJI £J-*-a (jl /y-iu^ujJ 1 U-u-coj 1 j-A 



jl JiILaJ Lj ^T^ -3^ ~J SaojcJuI 0JL& Li£. JJLJJ ffti *. jLt_UJ 2f 1 (J^L-UJJ 1-4-1 Jj 

IjLoj A^aJJ! cjlJuj ' "^ lO" :£ ^j-u2I («j>.ljlGj SL^£.IjjI iJ jt Loj SL^JLui 

j_o-Vl Jlj i. ill I jjt jl .SL*jl.S S'ji^ia w '\'"'' a ^-V' l<jUI aHL^uL^J (jjSJL-u 

d ^ a (J I ^4JJ iCj^_4-lJ Jj^j /^-Aj i«L]J_]l C< I U-U a^eJJlS 4«LCj-*_uJ «QjL>.! jjS_4_l 

i4l5j-u2l Ji (_^-l^. 4jL>.VI (jSLx-i ( _ ;r i>-j .. jjjlj ju>. ^1 4-jj^c L^jj^ij LajJj^s 

(j-uj-i JL9j i4_j_}L*j1 Afl se i II j^ju ea3. 4_i^ (JlLsjj L>Oj_4-i (j " o mil JL>.L_u_o 
'/ 10 ^l^s^ (jl ljJL>.^3 ijjir^ri'tl (j_o ^ i"m («->>j j^-u-o *_ij ^l^oa- «LsJjlII 
d U , ,. ', II 3jL>-J 4 \<r~i (__A (j u <i i"ilu l u 1 1 f-> jl . (j u <i Mill d i mi" a^eJjI a JLA jj-a 
4jLSLj^£j ojLiJSlj 4_i£Ij£ 4-oljJ j^e-aj iMJ^^ no i"itl ->l Lalll 3^J-° cr^ ' £ ^ JL ^'_3 
• 4_t^ ^j-ua ^-L'J ^^J-^ -n la ' rt j sQsLLs jt_j_Laj i4jLuj_aj 
A^aJJI ,j^ jju iSolar Family 3j..ig uJI Sj_<j/^I ^ ^ <<injl\ jj^ulI! I jutj 
(_gt iMain Sequence (_, m j^jJI j_jLhJI (»j->>J Slj.u'a ^^ js^tj>JI 5 U , „j", « 

.* ll i i iill «lL>.j-a (—5 CJlj La /^-Ii (^-5-?-'^' 

aIj^>.2! (j_o Lgjj_^l jlj-sl (_^Lij iL»jL«^lj > i n"tl I gjS|jS[j jm i~itlj 

«Lc^_<5_>Jj jjJUj i Luj^?e_a (j_a 4_iLiU /jj Lua ^j^>* Jij^?E-a i^jj>.2l fiLuLtianjI 

4_Lui q^lLo 250 (j.3 4_LoL^ 3jjj («^Jj *j-?*i' ^-^ J^J-° iJ,^*" ^-^" ^J li " > '"'^ 
dim ILi SjjjJI ojut (j <i i n"j . 4_uL\II ( _ ;r a j^J-o ^Li^ 20 > I n 5^.j_»jij i Lu^_2j 
ijHa ^L^ i_kJl 384 j o^jL* er",^ (j.ig i^ill j-LaJs j-Luj Cosmic Year SjJjSLJI 

> I j j Lj^ i(_p3j2l •» La i ■■ 4_ujL>- (j£. 3j-o 28 I J 3e La i ■■ <j}3^ £ ^- i ^-?^' ^dj-^3 

.aLc j^_lLs (_3zl 4 niqv ^ n o mJI J-^-C 
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(j o i'f) jj-o cl)LSj ^ * ' "'_$ '*'b ^JtP*^' c — *' 9 ' ' " *' i-r^ f/ ' »' alf LLaj>. 

t _j m o i"i II 4_LjL^JI 4^sLtaJI a j * j J "-> a La : ^Lj^la (<i^jj_o~ (j^JI CjLcjjJsjJJ 
«L9ua jj-a ^Lu-ta Ljp* * j '■"' ' "J* ur^3 *^J J-^3 '*3- t ^ 3 lP^J^ ' ^-^ ^*-oj (_jJ1j 
.^jjs^^/I c-^jSLII (^1 jjs^VI I j i a « J J i aJj y- I La.all (^ L^aic.1 -SJUpJ <Ls-Jac 
4jjjJJI CjL>.LajjVI Cj^LcLijJ *Lx_uj iJ Jt ajj*_JI ( _ ;T JsL]j j.h i"itl 3jIjj>-j 
3jL*i <■ m i ii ) 3) a**< i ii a £\_nj-aj (_11^jj (_HJlj tAjjl it (_JI L^1j^->oj 4_j_Ll>.J)j JLl^JI 

. LflJLta U ( _ ;r 3 3jIj_>JIj i U j . >> 1 1 
• j>.jjj t Q ,i q ("ill (jjau (_3 CjljLiJI 4_j£_LaLu_} (jl dJLLiJl £i air ^j^** I \Sj-*3 
(j-a 3jlj^>JI SjLjJji/ CjljLiJLl <_2 JLflJ ;_£ JJI SjjLxII 4-lL>.I jjl (_£aJi]l ■ La « I *-» ^jl\ 

1 j -» u , ,. oJlIj La I jl i3jlj^>JI (j_a idSLa cjIjLu ( _ ;r a I ^-»u . .. ^1 t Lg-LLaLi 

(^Jl f-^-j-J *j'j-^ J^' ^bUH^' '-""i 1 -^sLU f-Lo^i/l «LaiJI (^Jl Cu-iaJl 
CjIj jjl a " > aj «LLc /tH-ij m£ Jul j-a z\ <41sUb CjLcj-^uj 4JilLa_La jug i"itl (jlaLi 

f-Lajul ^ (Lgjlji (Ji-ta LJj^pSLII <_ . . .."<" jl juLij ^1) (jjtSj ,«^}LlJ ^pJI 

^__Lc i<3_uLul (_3 ^p-a »Lp I 50 ' La i ■■j" 1 1 (-5 £ -*-p CjLcj-*_uj Aj_a^t-a (_jj_l>. 
/o-Ua-JJI I j_4 ^^ (j_jj_aLIa ;»LtaJ jl (jj-iLa (_£2 *_Uaiej (jl (JJ-5J L? ■ Juk J-^- 

j_i£Vl 1(J ,i a mi tl i_JLa (^-3 (j-a-SLj 3alUH j-i^Vl jJU-all (jl (_pajj.il.lj 
*_Lu fl i) Ia£ (jl »1 aU II (j-laj (_£JUlj i(4j^_us «L>.jJ (j^_tLa 20 (_J1^>.) 4_J^t_*_o 
6 (_II^>. ^ n <i Mill ■- La i ■■ 3j1jj>. 4jvj^ ^-Lp La-Lu ij^i-a ^hS t_ciJI 224 ^j\^>. 

jj'"^* f jji Atomic Theory 4jjJJI Sj^JaJJI oJa^.1 jul! -^j^la <L>.j.} <_aVT 

SiiijJLa ..4^LU (^Jl ajLtl J>=tJJ f-LuiVI C^^p. ,jji ,t^ i~„\\ 4^LU jJUaJl 

2 al U tl ^j I La ~'*» (j ii a i"itl j-i^Llc (j^_i jallj AjJIjUa Sjji r-LaJLJl CjLlLsX. (jl 
La ^ j uu i(_gjj_i r-LaJJl L^j CjJLaj 4 a V i a 4jj!i 4ljS (j n a i"ill (j"_3 • L>La 
(j-LLa ***' 1 I j^'^ *^>^ c ^ :> *J'-^ , ■ ^J - ' " i-* ,£| -*^JJ '-^ 4J_t_LaJI (_5 CjJU*_i 
iJ-jL^JI JaJLUaJI dlli SjJajjjJI 0JU» (jiejj (jl^jLij «Jaj ( _ ;r 3 i L^JLa 4JaLtaJ! 

. JUvl^JI ^-Jj-LI ^"iaj"i 1 1 nil (-rLc (j-La (jo-ila ?*-Lu «LJI (-^>* ■ ^OJ c jt^l^Jl 
Sjij i aj a i.* 1 1 njt id ji na i"itl 4^LtaJI /tlJJ (j^JI ^dL15-^' ^dj'j-^' Cj^LcLolIlj 
isUajljULI Cj^Lj^tlll (j^ (_LaL^ «_iLu ^jJt (Jj iSjU>.lj ijjijj (Jjjjo 4-u a-C (j^Lc 
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cLuoJI £yO pJlc 

^Lt-al CjI i ii l /^Jl j-t-aLuul (j_a JUJjlII ^§^-i I j^ a -n J i ■■ I Cj^LcLoj 4xmLm jl 
4_i-L»jLjJ (jl •n iXl^aJl (j-aj .4_u_uL_u2l QaSJI 3_}La i(^\j>*j)j JLl^JI r-LaJjl (j-* 
^-lcU-J^I 4^LtaJI lillj 3^^aJl J-*J ^| 'l-X»- La^-a L>oL> 4jjlJ-iJ! 4jjIj^>JI 
(jl_c£. (JjIiJ 4 1 1 ntl (_fj-^ Cr^*" ^J -1 *^' <— ■<->IJ (j "«» '"'H 7" La i "'*» dJJjJj iSjLijJI 

(_aVT ^1 J-^aj jls 42j*Li djLcLajjl ^1 i_lA JG 3JjL* djIj^aLi ^ »l a uJI 

. CjljILa ^LjSJI 
jOjajilLa i(j ii a i"itl (j-o I jl.^t (_p3j2l ^^ 4_LaLdl CjLsLLaJI plj-il -1 La « "J 
3jj^ie-a <l hnni'i CjLsLU VI *JsljJI ( _ ;r 3 (^yjt La L&j-lCJ (JjjUjJIj i_)l uia- J1J 
dji nn i"ill CjLcLkjI/^U 4_oLiJ^jj^iII Cj^M-cLalUI t(j< i i nil <j-y^-° (J^-*- ' j"** , "'l 



lf£Uf 

•~ w ' *~* 7t_La_j_uJI ■ la i '-j 4_L^I.3 tcJL t > ♦**( i nil ^ n o Mill ^t-La-uj ^-r^. Jj&IlJ 
2jma Mill » fljJI OJL^ LajjJj SunspotS 3jma <~<\\ » axil L$jl . .«_a]MJI (jiajj^l 

£t If 4_i_u1j_i *_U3J_a OJt-LL^I JL9J 4 L>-J_U3J ^ II <j l"l!Ll d 1 ■ eu 1 1 J a I j 1^ 1 1 \_& I 

<tjj^j_a cLaLaJLa i ill * j'*» : Lx-Uslj ^I'C ,"i jitjj Lgjl . j_uaLj>JI CjJSoJI ^ dliill 
JJaJI d j i"i ^ a 1 lu S^LxisI ^i£I 4iLaJLaj 4iaL»-a (j-^J ' Umbra (_LkaJI ^ a 1 n"t 
4_i_a JJsl LgJV lt j.i Mill •» La 1 ■■ <j-a LJUJ. Jjal 3jma uJI » axJIj .Penumbra 
LbLiitJl ji&l (jjl 1 .1 a (^ic L&3^lj_o j juj di! j& '5^>.j-i 2000 (^Jl^tj Sjlj^- 

^j^ Laj-aX j j LaJ Lx-ijj (_J^lj^ CjJijo V ^ j i n ^ i"itl «_iillj •» La i nil (_^Li (j-a 
» 5 ■ 1 1 ^j-o CjLua «-LgaJ /^-l^. 5> j i\ 1 1 Cj Lc^-<5_>J, I (_£^IL>»J ^jl J^Lcjj 4 Cj Lc^-Qj?E_a 
(SjjLflJI) ^—JJ 2I ^. <i 1 11" i L^-La (_2fU_u 21 *_jj-i_o ^t)_aj ^^C I i ii n ial%> 2 1 3t_Laj>. ^j-a 
(j-GJjVI JJ^I 3jLc (JjSljJ i(j .1 a Mill (j^jil 5_ujJ(JI 4bL>JI iJ l\ t&\ j 1 ntl (j-Aj 
4jullllj 3_GLcJI d jlSjJIj . ( ibuL'JI ) (<ujiI I gjic (jlLaj^ 4_uL"JI Lai ,3^3 i K 1 nLa-i 

.* JL_u jj>- Vlj c_ij>*^-a La_AJL>*l i^Lj-tlaJijI I i\ usujq Q„' ,, „^' ** rt (J tf Lse rt I j 1 

s1^"i< 11I ■ laj> j-jjL^ /jj-1^ » S-ul jj-a ^jLijjI^La ^j'**"~j 1 se rt ) ^*3J La LJLcj 
JL^ca ^1 uiiLil J_l*i ^ju^^wlj I j )1 ) ^j^jJL>J,l dJLLall »1 lr ) 5IL« )a .jmi ■"ill 
\1 ^".^ VI ^tl ^j^LLaj LaS t^j n a i"itl jSj-a ^j-a a_}L9 ^J\ mil f_Al> tf- 1 uolal ** rt 
(J-«-Aj I ui '(" Lajj L^JIj id j 1 11 a i"ill ^<-3-iII (_Lt3 I uuJ ^ 1 imULl«.U (JL>J,I (jLi 
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■ Qii<i t~M (^ (_gj_«jjj (jlII <U5L#]I ^ jljj gS ! I cjIjLlUI i . ■ i i n_i Lajj jl JLjJLl I jut 

CjLaljjJ jilj_o L$jl •» Ltajj idj i mi i*itl f-JLiJI oJWjJ ' a-Lkill Jjlrtjj ^LuLJI Jlicj 
0JLA * ij-3 7-^_u3j_j CjljLiJj 4_j_i j)jJ_>J 1 4£j->JI j g LaJ J)l JuJUlu * * 1 11 La i <a I 

r-jjCLj Jj iLulj (j-ujJ 4 j i H <i '"ill » axil J)JLc (jl LUajf »l <iUlt •» itajl JL9j 
J^Li. i^J^I JL>JI ^l (_fjo-l 3j-o i U j gJ (<sj i(_j u^k\ Jo- ^l (jJJl Jo- ij-a 
JjJl«JI j j LaJ JL3 Sjjjli! w .^aVl jl>JI JLulS . LujJsj LaLc I I L&jl jJLa 3jLo 
La^LLal «_2-> }L> (j no Mill (_>^>j^ (JIaJ JL9 L^J (^J-iVl JoJI JUCj ■- s^.tl ^ 
SjjJU 4_La_uj-a 4_j_uajl j-Al^La 3jLC lLILlAj . 3^j JL»_a x_jjL_uI £}£. JUJJJ z 3j_L 

t II i La ual I j 43. 1 L^aJ ^<JI ^ J ' imI^LulII ( fl-L^alajul jj^'^ I g o *i td j i no i"it1 » 5 Jl 

SUj-^-JI CjM-^!>1I <jlc jJp U£ .3/ClniMJIj ijJjiJUl .-.VI .v.VI ^ 

. L^jLtLjol JLjJLsO (_y^ 4 J I imULl«J.I 4Ju-a^jJI (jyic JLOJJLJ (j-JI <ij$->Jlj 



CjjIL«_UJ ^g^-tluJI CjjL?E_ij 2l-^JL<tlIl jj-O ( j.a^_tHJl (Jj>.1^ £U>.QjJ jLiJl • *' *j * /^tJ' 

i>J_jt JLH_4_)j ' ■- ■ <^U 3 ' "V ?TjL>* 3jCi_4-«3 1 4_u_u-<j_ilu 4-i-uJI «uiaj>.^La (2>^-4-i 

<r<"i i"n"j (3^-^ ct^J *(j^>jJiI! ?"J^ ^'j^-* J ^ <— sV I ^1 «l«JjllL1 d ' i nt 2I 

«LcL_uJ1 ^—5 j-J-a ji^ ^j^-lLo ^j-a <— JjILaj «U_A j_a CjlCj-ojJJ CjLaL>iJ 2i 1 (JS j^^ 
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cLunJI (yo pjlc 

OJL^-l 4ijL*ILo CjLc.2 jjVI 0JL& J^ O I njt (jSLIj l(j no i"ill !_ysj!h (j-o 4 jlri I iltl 

^fl ^ ,1 n ."ill (_^j^ (j-° jjW *J-"^ ^ " * J j _ ^J ' ' a * .' L)' ■*! ''L^Ltll <icj_<jJI 

w I c 3_iL>.^iJ isdSL^JI ^ i i utal j>jut (jjSJu /<s^ ''j-^j JIIjui j^Ljj Ll&j 
Spectro-Heliograph (_, m n uJI i aLIaJ I jlf> *LsJj«J! ^ jlj-" i nj Jlj mil I jut 

-1 i ■■ fljj . I j"'*J'l-^ (j^ "— S^JtiJlJ LgjLjjSLaj jno i"itl sljj/ljjj a jj>-"i i iU ;_£ jJI 

jCUj iSpheres ol La-; -> a j? ol aola ^1 i|_£jj>JI L^S^Lcj ^ .i o uJI «L«1«JI 

. - I , >. A 1 1 ^& CjIjUo jijSUI <j-u]M-o (^1 Ltjji.1 
j-gJaJ iujjjJlII J_t£. jl J}j|j_<iJI *Lul (j ii i i"ill (_j^3j^ ^1 j la '" LoJ_t£.j 
£JJL$JLj (C_*_Lj cUL^j iCjU^HlIlj Cjl JUt^tHJl jj_« ^—ILiJI (j_ala2l 4-3tIa-uj LJ 

Lo "-jj-^l jm uJLa ij-laj f-lji. VI *Jsl^JI (_ya (j^ljJ \jjt (jSLIj .(jjiJLxlJIj 

j<sjs->JI f-j'jLJJ '3j injULim i ^.^Ij.tlj jj,^l<- Vlj Spurts CjLoSjCUIj Swirls 
UJ v " 'J ^ ' "' * (J "" ""'J • '- a *'j J *"' l_£ O"^ (_>"< All 7"^-? ,,J L$" iCjIjLa-fljJIj 
(jrv>- 2(1 f A ^ c -'-l' (j-* J-^-^ C"^ U"— *"' tj' L^ 1 J AlalaJI JL^j-a^5e_L] 1 ^ya l_Aj_LC 

: ( _ ;r Lj Lo ^1 (j ii n i"ilt 3JjSLU tLabJxX I CjLaJaJI »l nUtl < ■ ■■\'J 



(Photosphere <M££lt ii'ilihH) jMM^d^iJI 

J-.AJ 4-jja-LgaJ I d 5 i La 1 1 jl \j ^ • uftJO-AJlJ i>ij-J ^ Jul jn^ Mill j^^sj^ ^- o i u i 
i>J_A (j-*J *J-^-* J'j ' 400 (—Jl^^. d S o^ ^-^J ' g J ' ^ y i iill ^-JvjLiJI $.j->J1 
w I C I ^ j I j ^*. , ,. i j^jjJJI i g j i '■* 1 1 j 3jlj_>JI (j^s jj^al «j-><JI 7?-i-y d flqlaJI 
a a ±i-^J IJ (j^ ^Jj ' Jj ^J ' a **~ ^jl 4aSLLAJI CjL_o1jjJI ^j-a ■- i ^**'J^ .j^paj^l 
(2^1 ^-Jj' ' Jj II d i i ii 1 ^-Lu L qJ u - L fl 'j^' "j"j Cr^ L^^J M' j-t-aLutjl J^jI I <i it> 

Lol ^djUl ^9,9 ^j j I <j tl g-Lj Sjlj^j-jil v^jIj jJI 1J-C ,>a SjLLI ^ 90 
4JLJ3 ^^ j iVimj .4jLLI ^j^ j I (j-C SjL^C tj-dSi AjuHx-a 4-LlS-JI j_i^aLL«JI 

.jnq Mill ■- La I ■■ 7-LL>iJ /^II «U_iL^J| CjLoljjjl dJJj i<h I no Mill «-AJJI j^Lflj_u^J^ill 

j-lC ^ ' n^> (j n '"mi tjLj (Jj-^J ' * S-JI i>J_A (J-t-ai ^^^ 4IuJL>. fiLjjJaj iJJLlAj 
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UJ ~ ' " d *"'**' rt d j ' lj ij s ' " ' ' c J d A n ->. 1, 1 L&Jljjxl jjJU lLLIjJJS LiLuuLoILa 

1 5-j-xJa-S-l I JjlaLLlI (^ 4_c£. i3-ulj"u ii VI JjlaLLlI (j£ La Lc^aJ fj-<-ul o'jJ^-" 
t^j n a i"iI1 ■- La i ■■ /jji^. CjLcIj.} jjj^Sj ^—Jl CjLcj-*_oJI ^—b Jjj-aJI I J_fl> i. i 1 1 n"i ij 
«L»_uj i^jLjj-^JI 4jljj-^_o jl^jVI (-J3 CjLaljjJI L$J (j^Sjj /jy^i-II 4_djjJaJI ^j ■■^* 1 
4 _'j U . V> 1 1 j_lC (jjioLil! (j-^"J J ^ ' ujJ^aJ I ■» La i ■■ (jl . jLjjJI 4cj_<j/ <_2^Lji.V 
CjL_lj>.) c_<_lSj-j 1_jL_o*I d jlr JjlLal t^- n i~». j ^Ja rt <U-d j i u g i"il! » 5 ■ II ^J* d 1 
3_«_oV CiL>-I in<i^ jjiimjjj^JI ^ Granulations CjL-ujJI o'jJt, jJjjj . (jjVI 

(J_3 I 4_^_j_U3 JjJal—La I j Lu ^J ' ga d * J i ^-* JM ' I 500 ^—Jl 300 jj_a > 1 il jJaJL 

. SsLiJal 
tj-^»- i ii" I q J Lc «LJt I y-idj ..j"j ATI d^.U ^^^ CjLu_u>J1 CjjJL>. j j i ■■ A"tj 
*_ojj^i3 4 .SJLhIuj jLiJI (j-° (J-* 1 -^ < - J J - cJ3^-^ Q " q '""' (j-* fyid-uiJI '"" 5 uaJI 

1 jj'a J ?" i" 4jjjI J S_lUx. I Mii" I JL^J 4jc_luj i^lr I ^1 i aj^VI 2 A . U 1 1 J^L>. 

. 1 J I I n 1 JlJ-jVI (_£^l*jl ^g^**( lull (—11 ijj— t-i-uVI J^ I ■■ VI ^g^**( lull jj_« 3jlj->JI 

2 La i "lj J 4 mt in" /<u (_£JJI ijLiJI (j-o *■"* I i^aJI 3JUX.VI VI i2jL.uj.JI Laj 
jrA_i SjJaljJIj LjUJ, JlVl (jJaLUI Lai .^>-*Qll „^r,M i_JS ^ dJsliaJ! 
i La _■ j j 1 1 -u i in JijLi jLc (j^. 3jLt£. (.^-^ ij^i-L^JI jLiJI (j-o a -Lc I -^tl 3jl»£,VI 

• J^-"l t^l 



Reversing Layer 4m£U1I 

SJl^. I j^ 1 '" jjL^sJL) Vj 3j-jZol_t_a j^' "J~J ^ »Llj /j^lJl d 5 Ja !l /^-Aj 

Cjljjdl (j^aL^aJLal 3_j_La_c. sL_^3 (<vlj ^jdl J L^>Jl 1 jl 2 2 JaJI L^jV idiiill 
, La a '^ ^ dJJ!i t^£. ^_H_Ljj t^ n o mi 1 1 _ la^caj I t—a-jJajl ^j-* 0-?^ *-- ) '- 1 i>-? ,1 "J lj 
liLi^iljiJI cLiiLaJI oJLfli 4jj/IjJ (jjjjJo (]>CJ • 4-u-mlII Lgjjui L^Jj ,_j —I i^LaVI 

SjjLijSLIIj 4_uLjj_loJI cjLoyLnil (jjs j_uSLII (_^i^. i_ ajJs^JI (j-o liiiill si ilr j^SLxj 
I j * ^ 1 3 ' a *^ 68 ^—Jl^^ f. I c ^^H_>tj L^jLjj t^ no iiilLi 3ji^>-^JLI j_t-aLL*Jj 
(jjj^SLIIj aj j i ii ILSLIIj jj^-jij-j-f-'-I'j (j^^? - ' nSjVlj aj-u^j lj jj\j>-jijj-i^JI 

(. ilf I J^>-JJ 4jji^LjlII 4iiLaJI (j^J • (_>^> Lt^j-I I J JUJL>JIj (jjjLaJJIj aaj 'j .^>tlj 

JJJU>. dJLLfll I." i I njl 4JI ji jJLl JJJL>JI (j-OJ i(j no i"ill ^j^ Sjl^vjll j_i^al_L«JI 
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cLunJI £yO pjlc 

^ 5 JaJI j I j_liL-u^oj|^£L!I (__ r J*J 4_JLlII ^ ^ ,Utlj ,gl ^ ,utl aJJt <j-\-i 3J_l4jU ^JL^jLs 

.%ui 

(Chromosphere^! $111 "nihil) j*Ant&$ j£l\ 
(_j.ll 1( j n .i i"i I I ^^j-Sj iUj-»J,I »(__, i <-i t, I <_a^L«JI Ji^>-j (_y^ i. /j '.il l ;^>-jj 
I jut i_2jj>jj i(j ii g i"itl j->J 4J3SLLI 4 SjUtl tjjSLj ___; jdl ij^jjJul^1\ jLc. -i^j-j 

i I^JLc 4 1 h^LjJI ^ axlail 4jJLlII <UulaJ I (_ 3 -&J .jjiii iij-ajj£L!l *u-uLj 1 a^vLiJI 

£j_a La J 0" 1 11" (_j-lJI 5_jJ>jjJI 4 Ju-LtaJI liJJj (j-a djo 1 n"ll oJUfc <~« j 1 n"i^l jLSj 

Lajux. i(j 11 <t ."ill (__ T 1SLII i_3j 1 n'CII 5JL>- ^j£ 4^ejJalj jJ-jj (j-^'_3 'd^'^'JU 'Jd ' 

■ ^^ 'JT*-t ftlj -"^ JJ^ ' "J rt JJ d ^ JJljH^ t_J n Mill ^ySJ^B JusJaj] C^^t^SJ 

jij£ i_iJ? 480 ^jJl^s- Corona jm ui II rLj jl JjKVI I jut i 3" r j^-^iJ 
CjU^HIII fj 1 n" iujol^ CjLslLuI LjJ-a jCl4_i _L^i d 1^". * rt ).-, , imI Lt jl*_>1 a 'j-*-* 

r-Lj (jl . (j 11 n mi II <LaL>. TTjLi. 3_jjL*JI 4_SjJaJI sljj (j-° jj-p '^ 1 1 nl^l ji 
(__v° 03^"-° J-^J 1 Upper Atmosphere j.n m.11 LLlII «l^>-^l (j-o «jj>. (j.m uJI 
r-Ljj . <lcLvaJI ^j£ jIa ^IjS l^Jt!^- ' ' cr^-9 3 " S~"~J ' " f-4^ 'LSjILs CjLjjijjSLII 

j__)S_4-S (j£-lj «Lt^t^SJ ^ n <i Mill £J-U3 (JZ 4«L)_}L*jl Cj zL>Jl ^-3 MyJJ 2t (J 'I <i '"'I' 

.jii^ Mill /-ISJl t— 3^ i nS II ^Lul rifjJa^j 4jJUtLJu^3 
Cjlji (jLi if LasJLi d j 1 Mill (JjJ^VI ljufc -i^j-J illiill »l ulr ^j^*.' J ' "^JJ 
<_j i LILsJ-^s «Lj i,* 1 i n 4 iQ ^ n <i mi II »^ iX jj-* Uj^ ^j^>" -i * <LxlIL>JL I jj-ssLulJI 
ij_j_4-^3 (JOJ (JS. mi 1 U^_u3 Jj-ujj IjUjJ (^3-^J LaJU^, 3j!i ^.PJ •CsJ-^' ^J-* d ^ ' ^ 

L^a^LIal («Jj I ^ . ^. I . v. ^ I j<iij cGjjJaJI oji#j (j mi Mill i^LIo (jLs i_dJi (jy^-j 

J j I ->o ' a I j U 1 1 d U , ul «j ^^SLajj t Ujl-t aj a I (j-^' ^J 1 -^' ^t 1 ^ 3 j- J l£ ^^ 
iftiLiIaJ-iIaj>JI »j Mil-i'lliill »l qlr (jl^ jU5j .SjjLlLa (jljJI ^jJI JjKVI »j ua 
- Laa La >i ' I O-jLS td Lm ^ nm'*. m^ J-« ^, U* 3 ! i4_o^LLll i>JUt ^—5 ^c^j^tj ^—5 

^jj^. l_a^_)J(^5 J-^C- J-JJU>- J '■*! 'f ^jJj (_£J-«J (J HI Mill JjJ^I (_j-3 » I J I <i -sJ I 

^A-JJljI Mg Jljj i 11 II (qJLjljI ^L>. jj^LIj i ( a^jjjijjS) fc_i_ul 4 jlr (3-^' i L>^ =) J^'' 
J_jJ_>Jl j ' * * c jj-x 4_j^Lc ^-iljii (j-^- «L->»jLj ' y I j .>■■*- 1 1 i^j La >■ 1 1 (j\ (JT^H 

3_iLa_<j/ (Ji-lj Sljj (j-° 3^Lc (jjSJb jljju>JI (jjjLa . L^jLjjj^SLII L^lo ox.jj 
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. SlSLgJI 3jlj^»J! i^jU-jj ^ 
j La Ijuij i LJj^pSLII 13 (j.i o £a II J j Kl (^-3 jujlj>JI 3ji ) 2 a3j 



cjLij^pSUVI ajjtj iCjL>-j jdl (jjs (j^j^Lo 3 ji£. ^1 3jlj_>JI 'i^-j^ ^-^J>J LojLi^. 
«L>-jj w I c LjJjG i5_j^a 5_j^jjIj cjIjLJuI J_<j/jj jujl>JI 3ji jj-o 4cjHlLI 

■u^.l'-ji j^i ^ aisuji SjIj^ji 

'** J "*" " L '* <—<— i-<-u-j iy-±2u ua A Jj^ ))J (J-L"^ ' ^jl^** ^^J-^ ^-^LAi 

<^-US ' iih J )t_iLaIu_uJj icL3t5^U1 3j1j_>JLi d_Ljj»_a dJ3^L<i^. ^3^ <Ji»1 J-J1 <j-« <= ^i 

»_5jj 4j hi <a i"iT1 *_ul_uJ1 £J_Aj .jJLa j1_j£ 800 ^Ijj^ LfcjJa3 «L*JLi (^^i^. 3jG_4-o 

3_il_a ■ fl 1 i S " 9 i(-_9jJL-o >J-£ L-d-Iaj )*£4u uajaAjI d 3 Ja LJLo-l j^J , -^J 
^—5 «j>i Lit I j LftJ 1 jj-a (Jjj-u *-fl tAj-JJ i cirr^ * 'J -^-^ ' "J A JL? ' J"^ 3^JJ (j-tTuJ 
i4x.l_3J.Jl 4£j^* ^ jL*J1 l^-A >JL1j £>^Jj .CiljILa >LjSLI1 l_9^T jug uJI ^>- 
4-5-jJa ^Jl Jj-4-J (Q-J iJ-j-L^VI tjr JI ijT J-Pc— Ll3 <_j_cu_j_L3 LulL 1 i£aJiJl JajiaitJ 

3j1^j>- (J^l 4-5iaJLa /—A L-4-i'J i^a-usVc 4-5iaJLa C<-(-a-J 4-luj^-uij 1 4jl5jjI q 
jj-5 L^_j t-La-i-se-J I ^ c J_jj_ilu /. ' "jk-' ** A (jL^t-fi L^Jjjlj <Lol_& il_Ajljj>. qja 
t «Laj_t£. a j^j «u Lv ^—5 4-u-u-Q-uiJ 1 4jlS_u 1 J| jjv 3 ^ LL1 (^A-I J * _>iAui lajaAJ 1 4-^LaJLg 

.e_9 JLA ^Lj c_4^1^SJ1 £j\i j-h-uJ ijjjQll jLiJi (j-* 
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cLuoJI £yO pJlc 

Cil <i j i ii ->Jlj CjLJjjjj-iJI I i eaj I La-ijj J-i3 jn< i"itl iSUa J 25 '" V 4-J^it3 
j^"^j rtjjCtlj >( j up ,"ill ^j-o J^lLaJu /j^iJi ^ J ' 'i o uiJI 7-LjjJI £_ya Uj^>- ?e-i-L(aj ^-HJl 

(_yAj iSolar Flare (_, nm uJI ^-Ll!l jl ^jtjJI <Ll3 jJjj i_£JJI {j\£l\ j-& I l^j? 

3 j c «Lj>.j^ f, Ij-tfl se a dJUii jjN i La j»_u£j- L^jj 1jj>- *_dj^j 4_ujs_a ^ a La * rt 
•» Lxm (j-o 4jLLI ( _ ;r 3 JLsJj (j-a Ij igiC *_Lj 3j_u£ 4j>I i no w ^*" JJ9J .4j^Lc 

duu (jl jj* i3j!j^»J! ^ ,^>.LUI pLiJjV! Ijl^J 7^>->L! Jjitlllj . aK ,t^ uJI 

(j n o mil 3jL*y a tLaj aj 4^^>_>JI «Uljj-*_u CjI o j i n~w ?Lc_Lj Lu_ajJa LLi_a I l\) La L*al 

£JUfc jj-a (J-t-aj La ^_u_4_i ^J$ i ■■'' (j-«J ipL_uJ Z 1 SjUl^ILo CjLaL>ij1 £_£ 4£j->J1 

*_« (Jj>. 1 jGj gLijj^-tTu-t 1 Cj La-L<-gj>J 1 ^j-a c_t^t_*_oj i Cj LJojJ)j»jJ 1 (j-* ' * '^ ' J-£- !-$-<-* 

d— i-t-u-c-JuJ 1 * 2 ul dJila-La ^—3 3^Lc CjL^s_A^ILJ1 j-tluTuJj .ajj*_(J1 (j-° <-_)jJL1lj 
*Jl)jJ_>J J-J-ji 4_t-3j-3 iJjLlA Qa£Lij i3jt2jt_a 4_u_a_jl3 LiJLa Cj zL»_4_) ^ ) j se 1 *a ^ 
Cj Luii 4-Lcn^-uJ 1 Cj [s>eJb^jJ 1 ^j jlbtJ J . 4-u.u^-tTuJ 1 ^ * 5 ■ 1 1 J-4-i £ La I Cj L*_A^lJ 1 
C^l <imi-*J1 qa tjLs^laJI dU^ ^ L*_Us1j jJl_u (^jJI j-«V1 i^LLaJI (j-« <1jL^ 

j^u£ (3-*^ L?"^I d u-LcaJLI ^ 5 LLaJI (J_(L_ul jj-* i(j-u^uIuJl 3^ La ^jl Vl^s-usj\ J_SJ 
Ol fljIaJI jJjUitJ jLiJI ijl 3*^1^11 j . t -l^Ia-Jaja y-LiA 3JL>^ i^ t(j .10 i"it1 (ji^Lj ^^ 
iJ-S— 4_i LaJ—Lcj j(>-lAj uajflAIlJ ^ u-LgaJ,! 4_S_LLaJ1 ^—1! (J-t-aj (-y^>* ^J-^ C^ 
L^£. L_uJ 1 (J-Leaj d) L£j^J (_t^ (< (-r^-*-! )) j LftJ 1 J . 3 VUJ Lt_« (j-a^tTuJ 1 JLuaj-j dJJ !i ^Jj 

J_3Jj * > j^ - "j"j ^Jl /^ j-ilili-uj Cj Lu-UkJ u i _-<j_i_ujj i J-'- a J-^tP ljuI j^t-J i—Il 
<Jl)J_>»j 4_£j-j»JLL 1 CjIjLJlJI i>J_A ^jLj tJj-^J d JJ * ' ' - ^ g.La-ui. ^j-^* 1 aJ-3j 
^j-j>.1 CjIjLc (j^JL^-j /jj-cl (j-I! L^-ALsnjI ^L_lj1 (jj-^J i««Ljjj_u3» CjL>.j_4-i 
dtLuaj La l!iLs tlAl£ -il-ij^ d »"j ' ^ ^ ' ^^0<^'l J-* 1 ^ Ijufcj i L^j a J La ■ gajj 
^_<-uLj (-3j-«-j (^jJI ' aJLaJI JUJ-ti p jJJI tiU!i jJjj t^nio uJI J^VI ^1 
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.(j i .iq uJI (Jji^VI Sjlj^s- 5j>-jJ f LojjI '- ij ' "" u-ii\ w A-3 j"j i a II 
(j Ir ^Lt3 Sji^vjII Cj1^j_>JI (jl '.^Vl jii ill 2jjb.;t1 ,>j_& ^1 4^-jJJ 
CjLcLijjl (_^i^. (_gl) (j "Q i"itt y>- (Jjs (jlri i ntl iLiiLaJ! oJL&^LlJ (jJ-!I CjLcLdjjVI 

i_gj.ll pj-JI (j-o *Jsl^JI (_y3 1." 1 1 imI i (j_Li<j/jj^iJ I ,jj^3 jUa ^1j£ (jj-^' dy 2, L - k i)-' 

. 3_jj>- j^il! I 4^j_>JI p^j jj^ i." 1 1 "jlj i I j i nAJ a±[l\ <*^>>- £>C 5j>oLiJI 4^j_>JI 



jj-i-aJl Sj-jJLt-a ^j u <a mil OjLS LaJU£. m^I i«Lu_u (^AJ^- 5 < ^ JLJ J' j' 4j^O J_La 

> * ts>\ jn<] Mill O-jlS («t_u_u (^U^L] d I ii q~fc. (—Jl^^. (J VI l_Aj-<tC *-Ljj) i I J I < ii 1 

.j_uaL>JI CjJ9jJI /j^ '^<^■ (j-* ^- x " a 

3j-3 pi » M'V (3 J T I nil bjr jSa[X\ (^ (_p3JJLJ JL3 I,_p3j2l C-^J^ (jl J-J Vj 
^£ ^jjjLj-ulj . (J VI «U j^pDJ-JLJJ LX-^3 lj-_-& JLtLl J JLdJ i LoLx d * Ml I J (j-Sg ' ■■^* i 

^j-» o -^ * ^jt jj^-4-i t^j "I '"'II /y^ >^ ' ^ *Jj 4_S_Ja JaLluj (jl diljl i"ir zl 0JL& 
_ mmUI ','• 1 1 ,JLa- oil Jl)^L>JI ^-jjejjjCJI ' aA^caju LLajjj-a ^Jlb «Utj (j»ajjl *_« 
L^_)L^ t L^-il i mi auI O-jIS 1 <a 1 1 a "^^ ^»J (Q-l (j " <i '"'II (J I f^-^J-JJ .jm Mill 
3jH£ Cj^ o" < ill Jai i ii flLi ^Lt-iLa SLjj^* l_A*ljj C*S^j (jl Jjlj j 5j i ■■ rt rQj?E_tS ^^Lj 

(j-o 4jLLI (_y3 g| ' ii <!■■»■ ^I^itj i L^jLo~ 4jI JLl J_La jnn i"ill «GjJl3 La j JLfljJ 
«Ijj>- (j-o cUOSLII ^j^-«_' (j n ^ i"itl i." i j i n^ <X£j iSjjijJJI Cj^LcLajJI =La_uj I gl£a 
lj_u^ J^l S^LuaVI aJJb (jSLIj ia^c-JI (2^V " j^J J^^ lj-° '-d^ 3 *- Q -"l L* 
lit i(j.i ■; mi 1 1 ilLLflJI »l ^ I r «_SjILii (Jj-211 (j ii -a Mill jj!^" Lol <G, Laj& Lx^a 
^^>-J)jJLl^jI jj-* (j-I^ tl)5^-* ^® 0^~ ^ij^ * "-* t3'-^ J i w JJ ^MdVI .-.^ 1 U"; , ,.l 
mJjj>.| S^laJ iiJsLLaJI /tj-2 (J^J ^I-j-UsLsJI Cj^jJI ^j£ (Jj>-^J Li^-4_u lU I ^^ 
j—II jj^tlij LajUljj i(4_u_u ^j^jJ-a i_3 X I d i n ei~*. m^I) «Lu_u (^u^ij 5 ^t_j L^J^als 

,}j^_><j (JI^Li- i3_jjIj_>JI 5_jjjJJI cj^icLajJLi i_2jj>j Lo (JjjJo (^^c (j ii <i '"ill 
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cLuoJI £yO pJlc 



.Proton-Proton (Jjjjjj-Q^jjij-JI 31 ml mj i<j^o-< 



Sj—il.} Jj_jj-La (j_c (J-J^ 3c-u\ Ltiajl L#j (jS_4-s (_£jja*l 4JLj»La Ltiaji iJJLL&j 
«L>.jJ (j| li-xs. i«L>.j^ (j^ji-o 20 ,jJ!j-». Sjlj^a-JI *Lj>-j-S OJij I jl i(j^jj£L!l 
(jl_3 t«L>.j.} (J^_lL« 15 (_JI^>. f-*-p Q " ** u "' lP*'-* *'J— **' r 1 * rt C^ ^J'J—* 1 ^' 

CjJJL>- (ftJJ L_£l_p (j£jj 4. LcjJ MlJ 4_U5_A| J^S 2] (_& Q^JJj-J-^JJJJj-ajI Cj^LcLdJ 

ljr £ ju V .^((j^jjij-i-^jjjj^JI) j<u-ul 4_lLc (j^ 3 ' lS 1 ^-" lSJJ-^' (_j£,LalI! I jut 

(j^o i(jn q i"i II i_i_La ^£i SjLjLaJI 4jjj_«JI <_2j|j_La-!l (jl <_3jju (jl (j-a SjljuJI 
(Q^_lu3 (J^_lL«) (j^jlj^p <yl\ (J-i-^a-i iLajLj <a J i«L>-j J (j^_u_« I 5 *-Lp 3j1jj>. «L>-j.S 

jj - aj (J£ Jj^-^- 3 ' ^-^ lP * **"*/*' '' ' " ^J^ = *Li^5-»Jt) ^H^' ^Lt-a^Ajl Jj>^ 0"* 3 
. 4L&JJJ i_ajjJiJI ojla JiLo LuLtil qjz t_jj-Hj (jl I ~<» I u*. , ..I ^& o j± i^ •tSj u -*> 

>\r\?'°i J^J-JJ (Jj lSJ- 5 '-'j\p l_£' C"^ O' O^- 4 ^ * "-2jl>La-!l 0J-4 (Jilo (^ 
(j_a (j ii j Ij . L#3l_ij|j_iSLJI (j-C 4-Li.a-fl-La Sjjijj CjLjjjjjjj '3>>- CjLjjijIiSLJI 
j^l lj_& i^Jl ^lj ivijjJ_>JI 4j>j^u 5jj|jJjl Cj^LcLflUjl (jj£j (jl (_gjJj-UaJI 
a I J La ' a I ^Jt> m^j^JjI (J^LflUJl (_5 5aJa3. (Jjl (jl . p I LgaAI) (_J3 (j no Mill j-jLLaj 
Lcjj_La i(j^>.JjJ_Ljt 3j!i Sljj (j^. SjLi£. aJsljJI ( _ r 3 (Jjjjjj (_pj .(JUjjjjj 

i(ju»-lj (jjj^j_i + jl>.Ij (jjij^SLII = (j\j>.jjj_j4JI 3ji) jlo^JI L^Jj^iSLlI L^lo 

(JUJJJJ^JI (jl L£U$\ ;' a .Cj^LcLflJ 3j^. CjJ-30 (j-UjJ j|J_J I (JJJLA (JlLo aLkjJLjJ 

rLl&j i Deuterium ajjj-ujj jJI (_£l <j^>-Jij^j<jH Jj^'H jj^'tl Sl^j (jLJjSLj Lla 

(j^ <i i n"v TrLjJj g| lac i"illj 4Sj^>JI ^Uo (jiajLa (Jjj I mi'm i ->!■ iU.^VI | jl^J j^jjLv 

.Positron (Jjjjjj^jJIj Neutrino jJjjj^jjJI : Lut (Jjjjs-T 

(_^ia_3j-j 3-Aj td Lse mi jl 4_Li^ 4J (j-o^ (^-Jjl L^J-^ pj ' "^- 3-A ^-^P^ri-" ' J 

a 'I '^"1 4je-ui£-sGI uU ->J-a- ij'^ i^^ 3 '^' (jlr (jjSUI (^ 3jLa 4j| x_a J^ I A'tl 

jljLcl <jJI_L&j r I Lta-aJ I (^1 q .1 ^ uJI 3ij^ LSj^itA j I La * j 4JLa-(j-\Jjjj|j_i!l 

(j_a ^ljl_LS I 1 11 LJ6 tjlj o"i i nu fil LgaA!l ^Lvjl * >3->^J t — ) '3-^ j H3tJ-^' (j-* ,; u-Ji-A 

L^S (_pDj 2l (J^L>. J-4-l Cj I^-L^j^-uJ I i>J_A (j-a j»uSj 4 a^5e_J| (j^j^ij Cjuilis_a 

4jlsc-lu 'Lli^. (3;!^-^ pj ' "> J-* n>LJ J-^. Lo (jjl^pSLIV Lfl . S^La ^j^-j^ ' jl 3 ^LiiiA 
jj-30 Jjljj . 4_tJ>^_a 4 i"r mi (J_<jj»j cUSJj (jJij^Sjl ^^ (j^Hjj^jjl Lai 4«LuL_u 
CjujjIiSj 2 Li LLaL^s-a 4_*_ojij Jl?=_i 4JLb ijj^jjjjj-jjl a I Jisa < a I (J^L>. (jj^pjj^jl 
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(jjj-lSLIV Li ■> J La Laj sLljLjJI (j-o «j^>- (jr^j isUJLcoJI 4 It uJI Cjli 4j.}L«JI 
5a-La_3-JI Lai 2 al U tl l j H a ^j*- J "J I 1 j *** C-i-t-i-LjJ L«-a ^Lui^ILi^ i(_£.}L«JI 
"(J J-S—t-Ji ;j* ^Jj ' J j^ l_£') f'JiAiJ^' '''j-' OiS^ .XtJ-jJ^- Lai! I (_y3 4_uliUI 
Cjl!i ■- Lx^aHfl ij^>-i Lj^jjij-i AaJjUjjjJI Sl^j ^j .-> *" ^" C^-o. i^Ji^J jt-Lgaj ^—5 jal£i3 
<J.}L*_j_a ^jJj-j^-lj /jj-I! CjL_]^jJ)j-ajI £J_A JL>.) jj^tjjij i L*_a Cju^jjij-) Cj^Lj 
£yC 1 i ii li La£ . (3-Aa_u_& I g^ug JjlLaj) a&oI^I! «La_Li>. 3l^j Q^SHjj td It i"iI1 
CjLcI < uiVI j_naJsl-LaL>. 3 luftif J)N LaJl i,j£.Lii!l I j_a> ^ JjJ uJI jJJtlJI 

.3mm Mill SJsLtaJI ,j_a 

(_gjjjj| (J£.Laitl (_gi) (jjjj|j_i-(jj3jj^JI (J£.Laj d V>i iil^j j&ij A_i_iLJ JS (j-3j 
HJ. .I a A I I >£>* ^ (jr^jj^-^JI <j-° L^ 3 Uir^ 57 3^ Ji^ l (l5jl>^' 
(J^itjj i4JjSLII jj-a (jia jj^-^-° ■* lSJ^-*-^ ^-° J-^a 7*-° ^Jjl j^l (j-o (j-Ia 653 ^1 

cjL5_o » <'■*< Lj>Lij w aSj (j .I ■; iiitl 4JI0 (jLa 1 1 ju* (j-^J • ^J '"" '"' ^JsLLi (jJJ 

tAa_j_Lfl> /jr-I] (j-lJ>»J)j J J ^ (j-° ' JJ a La Ji (J^ttlij j-1^ t^ I i nil (j-* tlAJ^-Ajl 
SO dJ I 0JL$J j aj 1 ■■ rt ^ t IS (J^aJ (_J^_i_u ^j ,1 Mill ^j) «_daj I I ^__L«_3 z I JLAj 
Aj-aS «L]L^_Lll /^ Cj^a-s /^>* ^ ' J-^r*-*-J Sjx. LffJpri ( 11 (Jj 4(j-°j-ll Qja d b&Iajl 
cLujjJa CjLJjj^S (JSL«I/ i(j .1 «a 1I1II L-da ^^ ^LjoLlII 4^LIaJI JL>.l3j . JLaL>. (jiajjl 
jl ^j^-jl-p j i n^- d LtalLqJ y i iill ^3' La 111 I JLA ^j^j^b jJ^^JUj i4^LLa]l 4juajj-a 
Lgj.aTLa I (jjjJI 4^LtaJI (Jjj pj 1 n->JI (j^algejj 4jjIjJI (Jjj *j^" C^J'^J^j' OJJ-^l 
. Jj£ (j-a ^ 1 a I 1 aaj a I (<u La-a 4^LU Jh] tj&lj 'J-^' J' Ojfij^ J^-" 1 c^ 
^j-a jajCjjLjj 4fa_j_i_u_>JI ^j-a 4jL*_uI Jju r*J '^* J I «Lcj-*_uj ^j^j^iJI (^IlaJj 
(«3 jj>.| iuu> ^ 1 -t" 1 ' La (JLcj_«jl3 i Ij-jjj Jtln V 4JL9 3JjLgJI 4cj_«jJI ijJUi 
J^ j_«j iGjjJaJI oJ-^JJ .jjj 1 11 La^a 4^LU Jjal Qsj^S (JSLli ( -J i^ '^Li Oixb 
iCjIjJLI Cjua^jljjJ y ili 1 jaJ ^j^aJa^AJI ^j^" -i * lLLI J_ij <j^>- 1 /^-IJ ja-u-o^. ^j-a ^j^j^a^ 
(^jSLIj i(j 11 a iiitl •» u 1 .■ (^Jl At uiX\ A a • La II j-^. (Jjjj^II J-^oj liili «Lul (_^3j 
cdj^tHj 21 (j^a^a-fill ^jl 4_jS_Li]l CjLiI i n-»J1 ^j-a T=_Uajl jLolj . Ijl>. A-La 1 «Laj_jj 
fn j i n -»■ «Lt-£a_Ll2j /^>* t^"i aj"il i nil jj-a L_ciJt ^j-* ?■ V 3 * (J-* V*^*» ' ' "J** l^-^ 
V L^_il_3 4_ljIj uuJl CjLjjjj^JI 4^j_>J 4j<j iU 4j*_ujj . iL£^Ual JLlkjj jji.1 
(_IL>. Cji_Ai_>o z I )t_j_aj>. ^—5 > ili"! I" ^Jj t^j n a 1I1II ■*■ La 1 ■■ i)L>ju I j*^ qj> ^J 5j '" 
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cLuoJI £yO pJlc 

.(Ji-ljJI ^1 ^jji-l 3j_a Jiaj I ^ i <> » j (ji 

^ <LxLaJI SjIjjs. 'Ljj-jJ (j-a (jr^' (J " " ""' U*lfl ^j'j^* - ^-J- 5 0^ 'j-^ 1 - 1 (1)^J 
QaSjj 1 1 j"al U ^a ■» j , aaj r-jL>JI ^1 d * I U '< 1 1 CjLJjjoJJI (jLfl . - j ■ >> 1 1 eU uiXI 

a^.Utl ^^1 ^Jj < _ J ,. o ^itt i_JJa ^£. Ijuju iLalU! JLSlJl 2lJU^-VI 3-^uUI 

^L " i_a- T Lj <3_ajLoJi. ^^pajjLu /^-Aj t^j u o mJl 7c La i ■■ ^—1! cLsLLaJI * Is i ujja . gj * < till 

»l aUII jjls jlsj iCjLJjj^s '^j-* (j-^ u-^3 J^~ ' cr^l p.! ' "> <j-° Lg-tLSj-il (.j-2 
(^SL! 3 i i ii (j>j-La lt-'If 5 * U-°>y *5_tL>.l jJI a^.Utl ^ iLiLJI 5JaLL=J1 jjt 

^^paj 2l /- 1 C ■ La S i ■■ ) (_£JJ1 (j ii a ["ill *^_Ua (JL3 t-iljjj j^' uajfl-AJI ^—Jl J-t-aJ 

(^1 juJ! (jL^ijV ! ^Ls LojLi^. (j .I n ."ill (. ilq (j-o lJuj Lajj ij-UaL>J! oJsaJI ( _ ;r b 

jlj a" i iilj 4_al_«-La -^Li*jl VI =U (<ut V 'l-t^-J (jr^ i" 1 - &.' 'O^J^' c r*^i^ (3.3^ 

sLa-jJLi i(j na i"itl ( _ ;r 3 LgjjJLs* LilLLlI »l alf /<-^>y Cr^' t^ljjVm (j-& La 

^(^Jajj-jijJLL^JI L&Jia^aJ Scr iajJI ill^l fl~ i ii^U 
j a"i i ii a Jaa-u» (^Jl Jijjs JLi V dJ^I^'iinVI dili ^1 (jJjVl 2_L4^U jJLlj JLS 
CjjjLJJIj SjJjjJI ( _ ;r 3 JL>.l3j ji^jJaqJ I i i .m i"i Jjjd^ i L#-l3 4^LLaJI /T^iJl (^^ 
1 i i n a mi ^jlj t^joSj jjJ I J-A (jl OdLul dJLLill »1 alf liliLstjl {jSJj i (j- a J-^' w ' *~* i ' 
3jjIj_>JI 4jj|jjJI CjVa^tlll CjLcj_<-u (jl iil!j -j^JJ (J^^-SI^JI jj^ L^Sjjj JLjIjjj 
i_a3jjj Jj idj^-jlJ-^^-II J-^j) '-. ' '""^'^ J ** I ^~ II j LtaJudl jl Jl2jj (_^Lc i—aSjIu V 
4J| >Lla I 'ti'njji lila .J^Lalll ^ i.-ijjiii* (^lll 3jIjj>JI 4j>-jJ (^i^ diljl^ 
(jLa i3jlj^>JI 'I^J-J^ (j-3 3-iLjj CiU> Jl^ '^^-^ J«3all 'Lj-aj (jr^ (_)-aii!l (0-C.J 
LJljlL j^jI (j 'i a '"ill JJLuj ij^l SjUluj (i^j^ **(">-**( i ii» _}&j9&j1 ^j-a 4_l3LlII 4_lo_JI 
^ ii a i"ill QaJ' c^-3 •''J^* - ' (j^ Jj^jJLj \i^lAja u i u-a ."ill «(jj^JI» jjLS ^J La-a 

QaSJij (_gjjl) A^A^JLa ipL«jiVI ^j q 1 1 ^" a I (_yi^ cjljLiJI 3jj^ i ^h^." j ^~. ,,,11 

(_^al '^" "I (j-^ *J^ J-^' ((-'^■JU ^^14^' r-LajjV cLa_uj (j ii a i"itl (jJaLi ( _ ;r 3 
(JcLilll j«3^IU;ll ^LtaJI c 3M3dllJLij.. C; ,li^Vl (j^jj-jijjLjLgJI (j^sp-Loji/VI 
.^ n a '"ill 7t La - ■■ 3^tj L^-jjj-La ^—b j-jj! Cj Li^ ♦ i o i^j^oJJl ^jlj_>JI 
pj U i ii JJs LaK ia^jL* ^1 J^tJJ (_£J-J1 (ju>.j|jJLj4JI jIJl2^ ^lj Lai^J 

125 



d^gjuJI u-iji&JIg 09SJI 

«j_>JI (j£ 2al Utl ja^ljj dili (jlr t_uj_uj i(j m uill (jJaLu 2 Uj-^t I ,->! ^ ,Utl 
rLj-Jl Jj-«-a (^j 3j!j_>JI 3^>-jJ> (^ S^Ljj ^\ i_gJiJj La-a i(j . i ^ ." i ll t_£j£jl\ 

ijbjjVI ^ a_a>T (j i.io i^ill fLui^l jl 3/Clntl cjLLu^JI cjruuj .SJsLtaJI 

(j-^aLilLi 4Jla . jLilll (_^-l^. (j-p-jijJULgj'! ^-"Jd LaJ-c£. *j-a i_iJl JUJ-uji 4Jla 
s| iinii jiio mJI j Iai3 ' d i a * Jul^lu t^j u <i <"i]\ (_£ Sjsa^aJJ <j\s>*jjJul£j\ ^Li-aS 

"AjoLJI iSjUJUCkll 3j)j|j_jJI i. i j i ill (_p3j2l (^i^- 3Ll>JI (j j~ '" (jl (j-o 2 JUj 
jLLaJl L^J jJ^2-o (_psj2l (ji^- SLpJI (jl J->>J i^h i ii i i"ill SJsLtaJI (j-aJu (j-a 

aLL>. (j-o » «j j a j I ^ ) * c (j n o i"i tl \Jt> Jj^**( i ii (JJJl i«ujL^jl 3jlj->J1 i. 1 1 1 n i 

3_j|_a (^LjJI pi < uiVI <j-a jli£l Jjjlaj ^ nig Mill g-LvuiVI SjLjjJJ . I *jjU* 

j j La '" VI (_La_L>J,l (j-a (jL^ (jlj ""'I La-pJ Ij jl 5cxll (jli'i^ i«LU (jljlr 'Us-jj 

.3_aJa>al 3j_<iiiLI 4Jj£JJ 4-iLuaJ I j j se i a 1 I 
OJU* (JlLo (_ ;r 3 i(_p3j 21 -r V~i i ii (_^i^. (_y>- (j-iLS -ia^J-J jj i aj l (jl i ii ir^itl (j-a J 

(_gJJI-o^jJ! I jut (^ ^al«-J1 ajlSj (_g^Jj (jl (J-«IL>J.I (j-o (jL^ (jlj n_ajjJaJI 

Cj^o-ljj J^LiLn j ^~*~ (jL\_al (— ll-(j^ i i utl (j-a (j-u^ij (j n o^. *LLuj LLLu J ' *""^ ' 

. I Q±°l (j"H»J (jl (jLcaJ^LI (jSLaj C^P" '>'^Jl 4jLlSLa (jjSj (_p3j^l (j-IaLl (^^ 

/ai.j 3Ll>J! jlj tj~( hV jj>.I Jjj i ii jLtcjI i^LSLoVI (_ ;r a j^^JjiJI ajl2j (_L*^=j Shj 

CjIj-JuJI (jl LULj (j£. c-ljJu V I (jyij-y (j^Jj . 5j l^j^>J I CjL>-j^ (_ ;r 3 pLijjVI I jut 
.«JajJI (^ 4jLc. (jj*C"i i .1 i^iiiii Mill pU uiVI (jlr Ij U*. , ,. !^jl\ 

(-JI (^-ijj tip I 'I "iM uLal I iiitl 3j)Ljj (jl (_S_Li]1 » )1 I n-»JLl (j-UU (jl (jS-4-lJ 

4_l>-^Jj_lj>* I \q ' * c (jl JL>. (_1! i_J La fiJo-U (_paj 2l vt la i ■■ 3jljj>- <^>-jJ) ^J3j 
( _ ;r i JU>-!j (jjs ^-1J-2j La VI (j n« i"ill L^J^vLi. JUlflJ /oJj iCj-Uiflj! JU3 L^Li£l_l 
j-oL) (_^aj2l 3j1jj>- 4j>.jJ) )*_aj^j fQj LaS .(J^j^jjJl-l^jI (j_a «UaIL>»j La-a fiLiLLI 
(jj t(j n a mi Tl (_5 «Ljj1j_>J1 cUj^aJjl Cjl-LLajul /J-jLLi (jl .3.}flJL*_a CjL>.jJ) (j_a 
^—iLLl (j^ N "1 mi (J_l 4 l_^J (j-j J***( i n a (_5 LJ^- 5 ^Uo-uLa 4jjLi (JN ni (J^. (jrJLJ 

. SJj^Ja S^liij L^£.j^ J (_Lt3 3_a jjjt^ j cbtSjILa 
(_gl L$J (j S JJ (jii3 i(j-\j>.j|jJUu» (jjs L^-l La J-J-aj>. jrni i"ill dJI^j" i n" LaJUciCj 
' j J i aJ I I JLA (j n o Mill jJLdj (jl jj^?e_a_)j i4jij)j_ij1 4^L!aJl jj)l_t-a_a (j_a jjLLajq 
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cLuoJI £yO pJlc 

JLjJaj ^\ Jj^jdi L$JLa i(^\ i i ntl (j-o <j-^!M-J 3jLC L$jjIjj>. I gjl^ Ja-fljeJ (_g JJI 
(5-^>- IjLjjij IjLjJj (J " a m tl pi * mi 2 1 (J_"-J fCJ t^j^alSxIt JjjjJa J^C 3jlj_>JI 

jU>.t «L_t-£a_3 0j_A C^jL£ ^j^ j )] aj "** Cj^_aj jo-J L$~_]L#J jj_a ^j u o mj| * JJ-^J 

J 5j * * la . LLjjl a^e-JI * )jJ9 I /j^J *tj no mil . . 3^_"J1j /qj?e_>J1 ^ La i ■■j" rt a^eJJI 

»Li^aJI J^ if 1 (^ 1 1 Jju jit£^l ^jjs-^I A^jaJjl ^j^«; 2 i a a 3 m^Lla ^1 (jVI 

<j-\-«jL] «bjjjl t-i^p* (j-a *»1 o i nil (jJ3 <L^j 1 iii**( a jJLu a^eJjIj t lil^SJl ^jt 

JL>. j-a^/Ls (^jJs t-lj'C ml* J^L*. (j-a L&JI Llj-Laj lij Lai •'■ ■ m-fcfl 3j)j^>J,l 
i_£j»j jjj L_LjI (jrt-^* i-r^" ' Jj ' *""^**'" (j-a g-/^ m i * lil^SJl ^juu-u Lu 2 ' ' ajlifcjQ 

*jj,l JlLSLj V -I mil ^ 5 1) I >i a IUV. Vl-^ ,iq Mill Jju-LuJI (»^31i-iJI ^Jj-^f 

.S(«ja_Lllj t_<£jSL!l (j^-J 3j-^' _9-* ^*^ •l£>*"^'' l^ laI-J^-J j-i-*- 1 

t^-jjl i n" a JLt-aljJLl j JLu L^aLsej>. I ^ zj 4A^j?e_JI Jjljj t (SI^SJI * JJ-^I 'J-^- 5 

. <_<ilj£Lllj Ajja-JI (j-u sLuj/Lj/21 ,3jL>-^' C"^ *— ^>*-" tj' S-^J 
Lo-La i«l_Ua_i_JI aIJJs^I 3_ijLU «L£i<-uL]) 3j>Lc («J=-L!I r«-==^- ./ajsujl - 
^jl lLLjJ) (JULaj t—jS^ S. II *s 3&3- jj-* J-^-^- 1 J-^' (^-il-^-ll (l^aAJI (—5 yc < ^**'j i ■■ 
(_, If ja£ ■ aJl 138 A j La a-ngj " ui 1 1 t_<.£jj£-3 j mo mtl 3x.jjij»J,I i_i£Ij£ j_£| 
.^~_a jljS lJlJI 384 j ^j^-iLa * u h La i ■■j" ^ f«^>»-) c?~^^"0 " q J tl) D^** 

»^j i <> a ^^a j<sj (j- -? 'J o"i m a ^^^Jj-Lajjl (^ji Q>2 C 1 ^?-'^' -^jjI jJI SsLuaVI - 
3-l1i>.jjJLi4JI A^LajjVI clj^ltLfl^Sj^u^^pUji/VI ^li jl) 4j"li3*LUal 
p i nyJS i_i^jSL!l Lai t 3< ml, I 4jSLU I glc jJjjjj 4li-l J (^ CjJLso (jJ-II ^Jjij-iJI 
^--Lc («bj)^j jl 4jjIjjx) p^j m^I jj-* Cj^LcLoj UiJLlA >.**< ' "jl^ " d "'*^ rCJJt-a 
(]^a (ijjJa (_gl jl ^ n o ilill ?jjJa jjjiSLkj =LJ2 liUJLS I'ij. V> « oLulj lilj i ^ 3e La i ■■ 
J**' '3 J ti— ^J iC " (SaS LLuajl (jl i Lul_A!il J^c c_ <_jjlj z I c_t^t_]j . )<_ili-a jJjliii 
4-Cj_«_>J,I t_tiljS (j-a j-i-l t-j-S^S (_gl jhin (j-^ (j-° j' J * 1 ^'' r '" <1^° 
^La- m~ II 5^jjJI (^1 (J-J-a-i l-tj-ij-l o^3 'J ^ J-^ ^*^ J^-P '^J ' " " '"'^ 

-fj no Mill JUu-LLjjI (0->»J « ) J^I ^ JLJ (j-° lP^J^"' C^i *" L^* 3-1 ' p ^""' .j^paLj-JLl 

Jj 1 1 Jul LaljJ (j-Lb mJJUs 5_JL>JI 3 j< Irill j-JaLill JLtjl pjLUaj jLLalaj 
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l^gjuJI ugj&llg 09SJI 

JpL^J (yJ-tl A^5c-tJi 1—3 21 I (Jli-a i*Lj_ua (j_a Sj-JLt-a 4-LaAi 'J mAj jug <"t]\ ^jlu-u 

i_^ljSLII Lai 4 2ULjL^J1 L$1L£ (^Jl £=>-jj ,»>?^l jUlxJj . »l a.ntl ^ 3JLJ J£ 

l^j-tl n_gjij_LJI (J-cl alLJI r-LlJV (jV^^ J-i^- Lgjkl_aj (^ 3jlj_>Jlj JaJLUaJI 
lLj -- ^^ a I ' La uaVI j 4_t£. j-JJ>J La J-&J i L^-bljj CjljjJI ,»Uti!l ^1 (.g-ijj 

^j , ^ ; . tl jjj^tlll oljlar 4i^. jilij ;_£ jdlj iHead-On Collision -i _. ^". . .. ^ 

L^ '(fji^ Cr'S U^JJ-4*" Ji^ <_£-* 'J^ Cr'S J '^' r 6"° Ji^*^' liO 
A^jaJjl jLljIj . }i!La (j ii a i"itl ^^ CjJlxj Lai (jjJJjJ-(jjJJj-iI I (J^Lflj ,_jjjJa 

(2>c L^J^SLi (_^lll 3jJ t-ea-tl ijj^j ^1 Ljjjl lit Loj^J Li^J \-&i^3 (j-° "4 d - ' ' a a 

-^j u a i"itl JUu-LLa fa^>o * J J-^I (lA-'J 1— LLj_3 4-fll i nlLa . »^. uJI ^j^** ) 4JLi3.S i^j^aSJI 

t»-(_Sl^a_S J_*_)l <j^-!j 1— L-L l j (-H-11 <L£l i ii 11 (j_a JU^J ' ^J "JJ * a * ' (*-3tJtJI 3-&J 

j* 1^ ' l?-u' CiLajU U (jij . ^J-* (—9 21 4 * u ii^ttj (jj^aij) 4j i n a ni'l «Lc^_aj>Jj 

a\ Jliejj-uLij L^LJol (_LlL->o (jjjJa j^c I jjl'* J •■+-- > iSjLutjjl ^jjajj! lilt (jx. 

o^J^' <J53^ ^ jj^** LjjG^.1 (_^lll (j^jjLSII (jLa lA^cJil (JjL^J! j « j It lj la jj 

jLuVl dit (J^LlS ^ TtJLa: V *j^a >LSLtLi jl ,_LdL> slj-u- iS-Jala]! jLtj>L! 
jLui (jjjLjit iiLaj^La SjU>.j »l aUtl J^Jjl JLaS I jjj . ao^cJJI OJL^J 4 ^j-» 1 uJI 
i_ajjj>J.I (j^3 1 Light Year (<LoajiaJI 3 imtl) dJLLitl »l air 4ja mj La^jt^ajtJjl 
(j_a LcLkjI/ (jl LuJaj^ ^ia i4jjLiJI (^ jUa ^Lp i_iJI 300 -j LaaJI 4^,j_ui jj? 
4x.j-*_ajl i>JL^J JLiaAj «LLalS 4_j_Laj 4_u_u jJ^L^. 4_jLa (_2^-*-a ^a i n^. ^j_a jJLt-a &fl Laajl 

x 300 3-uL; x 60 3JLl3.s 60 x 4^Lcu x 24 Lajj 365 = 4^al mil : JjLij 5iL^a 

.^ILa J)\y> lJijI 

300000 x 60 x 60 x 24 x 365= 

* ^-i-* 9-Lp Qo-tLo Q^lw I /_J ' 9->- — 
(Ij-lt-a 12 «LaLilj 10 ^j jj!) 10 c_J^JJ 
^j^_u_a I (—Ilj^ ^fl-LgaJ| pLt-tTu * t^^ i 4_uj_ua 4_u_u jj^L^ «Li t l£U!} ^-Jjl^S 
diLbl in oil «1_lj_o l_j_il 1 3jL>.jJ1 $JJb ,jLb 1 jJj . r \ u^oj] ^^ jILa ji^ tJ^-tLa 
jjij-^ AJLs&lLmJ /^i-Ii 3jijJL>J t 1 (J-uLlSJI Cj1JL>.j jjX. L^j ^la LCn-uJ 1 4-t-m LmJ 1 

.^jVl 
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»LuaJI |>o pJLc 

3jU>.j (■?-&> J— ° ^ 1 d ^ j S 3>. ^-JS £h*-JJ t «t_*JLo^ 3jL>.j L^jI 4-ua-t-uTJ 1 j-jfcLLbj 

*. (J _} ulj «b 1 J_>o i ^i!l_a jj-u^-toJ 1 JL>-u 

I2 I0 x4,2 

>ILo a-Lo Qo-lLo Qa_tLa 24 — 
. >oI 1-4JJJ 4_uj_UaJ1 ^ f i oil <-_32l 

Classes of Stars fO^Jf MriV^fa 

Super Giants 43^^*11 Jj^s aj^JJI - 

i^j-j-SLJI SjjJLl) jl (LlL*J1 SJULjjlJI) *w-u1 &&\n\\ ^yuu l^Mr (Jiiajg 
3_3j)j»jl_11 Sjsj-ill 4_u^£LJ1 Cj1jL>.jJ1 j-i^i L^Ji L<lJ * Lgj?ej>. Ata-lII j-i^i (j^-i 

Giants ^^UaJI (*>>^J' - 

i La i -j**' a » 1 ijj ij-4->J1 3jij-L1 jl Red Giants j-^_>J1 42JLulI1 j«u-u1 L^l^ j^j 
. (Ja-LaJ 1 r«->^J ' ^**' 1 ' A 1 (j-*J J^° 3~^P 03^-* ^ J 116 - 1 ~J ' 
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d^gjuJI u-iji&JIg 09SJI 

Main Sequence (jini]jJ\ *_jLHII j»_j^>«J - 

«L]jLaj_a r^? c?-^J 'U " ° '""' '-'-*-> tJ L^-i-aj 'J-" 5 -*^' *t-<ij L-aJiJ 1 (j-a L»JE3- (J^9i 
Aa^e-Lll (j«a 4x.^a»a->J»l tfJL&a, .fajsoJIj (jl * aUlj (jaJ-ll *— 'rP* (j-° j" ^ ' a O"^ 
Aaj?e_u1 pj_aJ*-a (j_a A80 (_11^>. xJbj J)l t£i a i ii II (_3 /- o jajul 4_j_tlc 2I (ja^J 
l_)j-2-i (jl I i»U". , ,.l i^^ajjl £yz 4_ajLtaJI OJL^J Villa I i i na i"i Ljjo.1 lilj i L#l£ 
i U , ,,j"ll ^a j^_a _J-^P <— ill 360 J (jir!^- o^l^ 5 " ^"P I a, j I U a I ^jf 

Dwarfs f«l>> 3 f ft$anJl 

Ljjejv i»^j*Jj| j't iM u-bj i White Dwarfs -I i^ixll aIjJs^/I LJLc ^ a , ."ij 
i_<_Lje_*JI (jSLIj '>-*-° _j-^£ t-flVl 6 I j Juj j I uai jjL*_u Vj i4ilii£ Ltiji^lj 

jJ^S 3j_o (ja-iLaj jJ^2j I j*.'al~.< jj|j i^jL* lj_pjj 3jij-a I j~t~^ (jl Ltj_al ^^ 

.t_i 4_uLijJ! u?j< i"ill («->>j I j~ L a I (j-oj <*m 4iliS 

Star Magnitudes (S^mJI jf *il 

(jVj i(_p3j2l (j-o L-^-j-IJ j-IaLJlI »l a i nil ( _ ;r a ajj*_LII (jL«-L 'i^j-j-i cjjLojj 

4jjj_2JI A^jaJjLa njU altl I JLA «L>._j J) ^^ JJJJ (_p3j2l i_i£j^ j^c JjijJI J-aLc 

3jlj_«_jJI ajjsJJLs 1( j n'Cttl (_^-l^.j • Li^. 3j_l«jJI (j-o LjLxJL j-i£l j J-u Lajj LLa 

. L^JLua LLLu clbl i nil » iS I L^jLftJL t_a_*_tiaj 
(j a I il j Lg_il_«J. 3jui/ jl A^cjJI jjj-J j-jJ-Hj ( _ ;r 3 AjL^-"i I il U ylwiilU (jl 
J**' *3j (1A- 4 - 1 L3-^'~ j^J^t-tjl fftj ' "^ i-r^- '^''^'l »l air Jj-djl JL9J tA^e-LlI jJL9 

(_£_)_] (jl ,* _' ' " ' * <l> ::e - 1 J ' 'j^ ^^ (J JI-i_)j'C i nhtLi jl 3j)j^>J,l jj\j>-!Li «Ijjj/ 

A«j*_iJI J^La i La "a (j^J)l i nil jJ-ill (_j-I| (_j-a-uj ^^1 AaJ*_JI VI 3j)j_>J,l (jM-^IL 1 
/^lU 1 Lai i^jjjJjLt-ujI jJUiJl jj_a ^ i"i »"-5 J)j^>J. 1 (jK-*-^!- 5 l-^-^3j (lA- 4 - 1 /jtJIJ~LTa^> 
(j-a j-ILjIj i Lxjj-oj i ^ . ^. ia (jrt-Jj-a-i ' j *^ L^jLt-L JUJ-lS i( j_u-aL>JI jJLill (j_a 
. I JvSLaj LUsjI i ^ . ^. ia (jKJJ-a-i j JUoJl /^ LjIlajI ■ ■■ ^j-a LJLtJv juiol )<_iljjl jJUaJl 
".^LlII ^eJJI (^i^- A^*-iJI jl-^I fftj ' ""' (j^>-a-i lilljuj 
(jit altl 4 1 1 hi (OJa-JI jJ^9 

loo.oo jjVijaiJi 



ISO 



cLuoJI £yO pJlc 

39,80 ^liUljjiiJ! 

15,85 dJlSJIjoiJI 

6,31 yljJIjjiiJI 

2,51 (j^oLiJ! jjlII! 

I ,00 (j^LJI jJlIII 

^^ 3j_o 1000 Jl^)3 Jj^I j^ 1 ^' f3^-^ •''j- ^ ' ^ c^^^^*-? (jJ^J' j^^iji f^J-? 

3_JL^JI jIjlsV! j»j^>Jj i(26 , 7-) j-a /oj^ ^ .i ^ uJI jjls jl ji>j (J^LlIL! Ijla 
LiLnl jlJuI (^ liir^) j jJLII Aj^-i (j! L« i=L^>.jJi! j! J1J92I (»^>^ (j-o LJL*JL j^&I 

• (Jjil jJ-ili (*j->«-> (j- 3 

. I j ^ ti ~ cjL>-jj (j\j ^IjVitl «_U3^JI I jut j_a IjjjLSj i(4_ojjJ3 iLu^i 3 , 26 
Absolute j I U 1 1 jjlUI *u-ul iSjj^jII 4al mil ju^. (jL«-«UI 4j>-jJ ^ylz. 3*K.'J 

. Magnitude 

g_la-m ,j_a LJ (j-JjJtl Lg_iL«-«JJ LiSj j»>*jiJ 3SlUtl jljLaVl JJl>J Vj 

(jLkjsJJ! jujlJu ijjs 2I ^ S-l2j. iJ ^ j-*j LliLi. dr*-*^ c 11 *-^' 3 ^-ti '**" 'o^j^ I 

>jS] (j u <a i"ill fQj5E_t£ i(_>^>J 2(1 x-La-uj jj-a JLi-siljlU d 1 1 u ilLi l^JLjjj (_£t < L#£.LiI1ji 

i ? ljjj>JI J^jI 3^L«jl!I 3>^ («-*-iILfl t*ltj £_oj i Lit L^Ui!! 3-uLUaiJ! *lj^>.Vl 

. »l <i i nil (_y3 Lj-sLc Lu>o j Jjj sUSUj 'Sj-o 3600 (j m i"ill (jL«Ji jc 4JL«Ji J-JJ-J 

4_L<-u 300 l_Lc J < i J *ljj-jj! Ja_il («-aJ-II (jl j^-II f-*-J-J ^ J er^ (■ ijinttj 

ila^£ fiLu^xIa Jji^J 8 Lt£. Jjljj ^j u <i mJI (jl d)^>> (-r^, i«Luj_L£3 



SI 



a I i n-fc. 2l d * 111" ^JUl pi * Mi^iJ SjUJLC 3j-j_4_a (j*s\^>. lLILlA (3->Jl U ' ""*^J 

L^jjIjjx jljp '-"-'tP" aI 1 U3-VI (j I i_a jjjil, I (j-<i^ .^jja-U 1 nil L^JL«I i-Sjjij j«J 

(^1 pi < ulVI (jjJ J-jJLLj jOJ Lo Lc^j J-43-1 pi » Mil (J^LJoL] I JUJ \ljU .V.I J 

.Sjlj^>JI 1 ^>-j^ ^LjJjLi Jjjjl pi * i~iVI •» J ■ eaj lj-o~ij i(_)iaaJ2 La j a-ua VI 
3jL*Iu ^—5 d j 1 1 n 1 CjIj-uju ^—Jl x^>-jjj * 1 11 11 frfl-LgaJI ^ji^J (-J3 CjIj-jjujI tfJL&j 
(Jj^tHILa .3jlj^>JI 4j>-j^ j_JuJ 4j*_uj ipl » i'iVI ' tula (j-a ^ a b -- 1 1 ?ljj>.2l 
■ " 1 * ^" j I I <ilS 4<3_La Jjjj^l *j->J1 jj-a LljsjjJlJ y i iill f j ■ ga 1 1 _ q 1^ * 1 1 4_iL^_J1 
, d A n >, t, 1 A^j?E_ijl 4 ♦ 1 11" ^jdl ^j LgaJI Q J ' ^ 'J ' ^ 'i * Llj SL qj Ij^S-Aj . 3j1j->JI *^>*j-S 
. Lga&la 1 " » g< j 1 1 11 ill 3jlj^>JI CjL>-jj £ya S^£La (JjjSj 
i4_«JI_i 2 .j . (.aj jjSUj 3j>j_>JU (j^-«-II-J jutLij ajj*_J! (j'_^' *— 3^j*-I d)S 
^jLi^JjlS .^—jj-LI 1 a_ilaj| ^jjL*. y*£i £jja Cilcm hi VI ^j^*" -1 * (_paj2l ^>- ^j2i 
j^c JL££. ( _ ;r 3j .(ji^ji 2l Q5U1 lSJ-^ ^X-" lL - a^istj I "d.'J'^J (Jj-j^'J J""*^^' 
jJi_Lo ^ya p.] LcaAII -Mjlj j^jiu-A-iJ ' w S-LA3J1 I J J~*-J (2>^ ^' ° ' " *' '""^ ujS g I LcaAII 
• jl Q ill 7t-u3J ( _ ;r 3 u^>- i«l-}j-<-u -I11" ^^ jj-JJ Ur^' O'J-^' S-iJ-'J- j^J^*-^' 
4j (Jjj-ujJU i(_gjjJI l_i£)M-C 3" 2 - 1 TTJ^ (J^^-* M-3^ ' "^"'.' [/ I »l nlf joJLsjj 
4-pLLAJI j a I j 1^ 1 1 j^j La^lCj a^eJjI i>J_A (jut-aLi 
JL^ H jlj tf, a_ilaj| ^-iLlIIlj j-gmi ^^j-taLi. ALiiaj ^—5 a^eJJI c_ljj^j jq_i j^j 

i_3jj^>JI_i ^ j a j La ll plj-i^LI j-oj J-£j . ajjcJJI i>J-A ^^ SjLjLjJI SjIj_>JI 

Sj-utlo 3-4>J>-a 3^>o (j-1^ J Jj I4I0 l^j^. ,J£j OBAFGKMN. 2ulu}UI 

jl i u-Ul £_ya (JjV I l_Sj->J1 (J JlJJ . d 'J^ ' ■■ > L^A-Jq jj-a j *J-*" (l)^- 4 - 1 iA ^-*-^' (1)-* 
.ja^ij JjjI ^l j_aj_i^ N i_3j^»JI Lol i4J^ie-<-u a^cJJI jj^I (jlr (0) 

jqj5e_JI_^ _^ A^Utl ^ojjl (^\_4j ^Jl 4jj_u_>tj 2 1_] c^IxSjj i9 (—Jl j a ■ ta ^j-* -i' JX.L] 
jj-a J^tj-ul 0-3^JI ^j "^ 1 ^—5 3-Aj K f, d_ilaj| p3-t-Il /^ f -? 4>^' 3-^ i^ilLa K9 
*lcjj (O-? (j-° 3Jj*jj/ j^'\ Mo (j flUlaJl =Lcjj La-^o (jLa ^LULj 1M0 (0-^-i 
i. < i n ~w a^ > ill 1 A ^ * , ^" (^-^ VjJ^>- (J-J Lx^ AjLdj 7-l_UajJ^Jj N f, Ajl^tl 
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cLuoJI £yO pJlc 

/qj?e_(J1 Q^J 4_u^_UaJl 4JLtlaJl 3j1jj>. i—ojlLij] p^JJl 

Jjjjt 1 00000 O 

i^ukLi (Jjji 45000 B 

^jjU JSLa u^si] 20000 A 

(j^f 1 3000 F 

jA^] I 1000 G 

Cx^Li (jJLSjj 9000 K 

^LSjj 6000 M 

*lj^>. 4000 N 

a_u_o2IJ1 ' a ' eaj * rt /^ Llj^Jlj JL>.^jj G2 f. aglajl p^JcJl ^—11 jn<i i"itl ^— «j_uj 

(^jJj (ojc-LII Q5J (jj .(j hi i"itl (j-o O-is-l 3j-o l)5t!-'- j-^2 LJLkJ. j=»3^5=— i-Il (JJsl (jl 
^Lxgaj 1 II a ^LSjjJl a^e-JI (_& 3jljj>. L&jlolJs t> mil 4-ScLa-m 3jljj>. «L>-j.} £j£. 

Sjn.r-.ll 215LU »l <>>m1I j»_5?^JI Lol i^aJUJI *L^J! j»>?^JI (<u ^LSjj-U 3JjU! 

4_l!L2jj_i a^j*_LII 3j!j_>J! '^j-i (_j-3 L^jJjJ i4-3_iLjJI pljj^l (j-o SjIjjs. JJSLS 

L«-i^-a. ajjcJJI JJsl j n <" (jt^' 'J-*- 1 "^' ?3^-^\ SjL^ill (^^ (_^Ij /<u (j_jill 

I j * La I j J Lol iaj^sJJI •» La 1 "I J (j U"m 4-3_]LjJI 3jIj_>J! CjL>.jJ (_pj -^j'j^* - 

. CjL>.jjdl jj^j-^- O-'l ■3-' a ^j'j^*^' '—'^■j- 5 J ' ^"' a 

i gmtmtji) £dLJl 

jj^Lxj i_gj.il r-j->J! (JaL«JIj . L^l>.lj (_ya jj^jvjjJljL^JI ,j_a Lt^jJaj iiJ^ ^1 . J 

<J.}L*jj t»l o i nil (_£ 3j-ALd1 a^eJJI jj-a 3-Aj i4_uLi_jj1 (C> » mil <_p-^ A^?E_ijl 
(J-iLaLj^ t^j u <a Mill (j_a Ua_ua jc3 (j-«J ^J'J-^ ^-^"' 3"^J t^ u o mil "AJuS £jja 2 , 2 

■ (j ii ^ i"itl ^Lui 3j_o 21 4JLni 
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(JjC i ( _ 7 J*.jL>J! 4J3^Lc (_L2j (Jju*jj 4_uj3 (jl J-so 4_uLojJI (_gj » i"itl JiLo (JjLs 
«La=_u_i£j 4«LaaLj (_J3 5^ o**( i nil 3jlj->J1 (j£. ^J-<J J-JJ-iio daJi-Lgaj uLaLalo* 2tl Jjjj-La 
i ?. I i a a 1 1 ^1 t_)j i ii" (jj^JI <j-« J-^' ^j'j^ ^l-kaj JaJlaeJ C^*-^' 0^ I^J 
(jJJ>- jj>.Ljj (jl (OJa-LJI (Ji-1-5 <Sj'^ U>^' Cr^-9 *.>■*. J ^ '"'.' *(_, i <t J (<SJ (j-°_3 
p > Ml (jJaLi (_J3 (j a S 1 J i/7jL>J1 (—11 4-ij i n"ill 4j3LLaJl (^j-jaj^ju (j_« (j£L<ijj 
. <1cj_<jJ! 4-ojLa 4jjjJjM Cj^LcLojJI (j-a 4x.jju*j5 

3jlj^>. Jjjt ojSLj U^°W o^ i *l^ J^l (j uuSj-il fr>^' f> : ^- , cr 3 ^ 

joJJ (j-oj Lxj-C (_Lsl i<Aj lIbI A*-n.VI i_1 aim I i ( _ ;t j>.jLj>JI i_2^L«JI ,_L2j (jl Cj-o- 
«:tia-] j^\ 4jj|j-iJ! Cj^LcLojjM (jj£jj i LUaLoiejl j^\ Sjlj-aJlj (JJ3l i La « i a 1 La 
,j_a Jjjf <Lui£T y uU j«jti!La I jSL&a ijjjf r-jUeil 4-ij i.nll 4jjIj^>JI 4J3LLaJlj 
<La-j.}j 4_LxSLII (j.3 4_oJbi«J,l (j i "J^J-^ fr 1 ^-"-" ^3^^ Ajj.^t| ojLAj ^j LtaJI 
J_La a^cJJI jj U*. I 4laLSL!l ^ LaaJI TcUalj (J*\ uiJ (jl-JJ V i3jlj->Jlj (jU qltl 

(j^SLj LILLa (_, i "ju-^ p-v-"^' ''■^•* > - c - ^ '■"■^J-' Aj^ilLa . cjjJJ ( _ ;r i>._j j^LlLI 
i^L>-I *\ )>L>-Lcj 1 1 j ilau ^3 (j^jj-jijjll^JI (jjs Ltjij^j i d^i j~ i "I (_^-Lc 3j-iLa 
(jla iSj^jJLI (JJoLlU ^ ^.^j-La (jJI («jfcJJI Ji-ta <_jja (j^jjj-^JI J^>>j £-09 

La ' djqjcJ LufcJ ./qj5e_L]I (JjWI.} (j_a (_ijja*Jj JLl^JI ,jaj9aj| !iLo_u w tj**'*^ ' " J 
SjjIjjJI Cj^LcLallLi j_uu3 <_^<-!lj <L»ie-iiaj| 4JjSL1I CjI j -^ajjeJjLa iA^j*JiI CjJLaj 

.(_Lal I flins (_jjj>-l j»j-><-i (j-o pj-<-ui-j ( _ ;r i-^>.jjjLi4Jl Ltjij^j (_j<3~ 'j > « i^ju^oJI 

g| i ii a ->■ 3j_L (j i ii j'ijJI )«_iLXlJI oai. (_y3 w flVi i a-(ji-iJ I Jjj i » (jJLc-^ m i"ilLa 
j_Aj-«Lj_)L<j_jJ| (_gj ♦ Mill fOJ>tJ Lol-(<^_u_u (j^_u_a LiV I 4 mq'w ^|) cLu_u (j^j^ij 
• jLxHJl ■ Laj> j il *j ' - a -' fl-L^aja (j^jj-a (_I1^>. q <m <"i\\ (j_a (C^sjJal fQ->»J LLu LiS 
, i La ^Q «l_u_o (j^JJJ I . 5 Jjlj i t^J-** ' '^- v > >s (j"^i L? ' "•! U*^ 

(j-SLLaJI j_a 3jlj_>JI «l>.jjj (jl < n Itl (j^j (Jj- -" ifc> -*.V (j^s Jj! (jL^j 

aLc (^^ (J-"J (»La JL£j -(J-"J (J^O- ^' ^ClAtlj 1y_l|j j i ii"lj_ut (_ ;7 Sj_4jl jJI 

lt^ t -? J^f-^^ 'o^ 5 ^ c^^ J^-"" c^ 3^ji>«-U a^sJJI (_L^t_tjjjILi 1913 

(_Lcj if. d_iLaj| p^aJJlj 4jjIjj>. «L>*j^ (-h^- *Lu <Lse-Aj all (—Sj-La (j_a (J\jla Jjlj 
^j 1 La 1 1 0jJj3 (-r^- ^-^-^ d "" ^ ' '— ^J-^ 3 (lh* tl^-*-* p L^jjI 

i(«ja=j>Jlj 3jlj_>JI 4j>-jJ (jjs (_p (_^Lc J-*JJ>J (_jiij(i->Jl (jU qltl (jl o_ij».j 
(_gjj_«_«jl jj_>J,I (_, ? J?~^ll (jU illl 4_iJ3 (Jj-«^ JSL<I/ (_^Lc ^jja-JI rlj-^1 tj^ 
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cLunJI (yo pjlc 

I o < t* Lgj?=ja-. ' fl]l3»la ' (f. agLaJI L<3_&Lc^j ^jL_uj 1!il (_£l) (j-Uj-ao Sjljja* L"l>.j.} 
H ij-iial /o^aejjl (j_o J a i u VI ^\ (JS i"ill (^ Iji^a-j-a j i i^ial (O^till (jti 
£j_c ^j>> A -»- * rt 4_jL»_L (Jl3 (-JLiJLij i Li 1 1 hi Oj j * ts> ■- La i ■■ «L>.L_u-o (j_« (Jj^-^ 
1 o <t>Lc^j ' d 1j 3. 1 j i(j-\_«j_ao (jl-*-L l^J"-*- 41 ^ '^1 '^- J ' ^ L - > » J ^JLj-LaJI ^j-oAIjj .jj>. VI 

. JjjVI j-& j^£VI «^tll! (jla njlj-^ktl 

LflOJlJv (j^J-!! Aj^acJjl (j-a SjLjJl£. LsVl (jl J^a-J LoJ_t£. Jj-uj t_yj-tbl JLSj 

Ijlj . (_J_U_LJjJ 1 *_jLlLlj1 Jjfc J_ULLfl ■ La3. (j <j l'r~) OJLSj iJjjLl_aJ1 (J\ Mill lyX£. 

ju^ajjl (^ ( _ ;r Uajji]L] lilj i4_ujji <L»laJLg LLaLiiJ I *jU»~ ^^aejjl <_aVl 4-<-uljjL] 
J-A (_3 j Laa c (j u <i <"i ]\ (jt vt *>»"lj 1 1 3_jJa-xJ aa >MI 3j-^_<jj>. (_3 LLlLiaj 
(J\ mi (j_« ■- ' gaj 'j .(_j_u_ujJ1 *_jLiIiJl jj-o /] d i ■■ 2 I ' a_L^aJul (jJ3 ^-aJJ 4^,^^_>JL1 
xJlj A^ae-JI -n La * rt (jl t (^J-f-oj-^Lj 1^ 1 1 n"1j-Lfl> <y"i o pj j ■ i aj 3» I j-Aj) H-R J--A 
j-l^l J-^>->J '^H 5 - 'J i njal ,j-£j_n (j-Lc' (j-° |J -^*J 1 -I Q i>-"' c^ (J*** '"'^ (jr^ 

Jlj— ll JU>.^-J C-tjP* (j-4-S^I (j£jJ1 ^J A I ■■* (y^>- iLlLt_L L&JLtLlj 4_]^tt_i_U A^JSE-ijI 

j«_La_»_a /J o i"i 1J i(_*_u_ujjl *_)LjHj1 Jajj-iZj ^Jt> IjLAj i Uj-Ua L^j^a-ij A^jse-dl 
4(_*_u_j_ijjl )t_iLilJ1 ■ j '■■■■* ' z /^lli A^ae-iJi ^j^>* I i_dLi_Aj . LJj^ii LiS A^j?E_ijl 

A^a=_ij1 J-.A 0JL& iJ - -A f]S> Mill ^j-a Ly^- * ' tlh^ ' L>^>^' Cr^ ( A ^-*-^' ^^-^ j» <^g 
j_<^j2| (j^j-!l (j-3 j_Li<-ul (jJlj isLilLuiJI JU>.jj 3j_«I/Luj I j~ "- 'j 4iIL«j(JI 3_J^ 
Lj i^-^J Lu i m 'LlILc 3jljja~ CjL>.jJ L^Jj Ljljii J^l A^ae-JI !Jfja icj^i^o -^J-' 
. «l_Ua_LjJI aIj^ VI I gjlg (3-l-La ' (*J (J- ,? »J ^ J,- ^ (Jj-CJ L^J^Jj i4jL»U jji ir-> 
^j^ j«-1j (j-j-II 5_jjjJJI /"»M c I AlUl (jV ^ 1 a 1 2li a (»^><-i j-°^l ?-^'_3 c^ c^J 
i4_uiLaJ! t^c-m j^jLoj La 4^LLaJI (j-o I jj'*» JLkj j«Jj idol^ jl OJ a j" J^ Lgj^ls 

.j i<>"i-»o (»j^><j L^Jl 

• iLXU! tlaa. (^Jl liJj^elj fO-=tJJI ^!vL<-a JLtj 4JI dliiJ! «UJjl! ?c-Uajl Jl^j 
j S **'■■■ rt ^jre— LS (^ i i nil (^-J^-a) jj-^j-J' (j-* ^H-^J <-£jLLfl> f^-Ajja i^-j-u-ujJl 
1^\1 ^^ ^_t_t-£3_u ^. i im ijJl j*_)L£j1 - Laj> eiljUj i -ij^J (j-« «L) Lc JLAJu-mJ (jl Jjljj 
J iii^ (jl .(_£j^>.l Jj-Laj (J^-lj-o Sjjlj j-XJ (jl J-t-i (ji^jil aj^ (^1 (Jj^tlj j<sj 
(j^S II (__5 ^j^> 1 -^ ^ 11 ( ij-Ci (j-« iL^jL^j («Io*j Laj^Lus J_La A^ae-ul 3Lo^ 
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LJjl^J i/A i^uJI aIJJsVIj 4-aJLaj>JI j (_, i n njJI JjLlUI ajjo (>u LJjLa liLa 
AjJs Ji J_iL2_o ^^ ^ i "j\)-ll x-jLHUJI Jsai. ( _ ;r I^. ra^-i 100 ^jJIjj*. J^J-JJ 'LJI 

JjJjJI Sjjs <j-o /a£.jJLij .Infera Red Stars *lj_«->JI O-^o A^aJJI ^^-Aj 'J - -* 

Jjl U'tl ^^a «_<Ijj ajjsJJ! ojloi U JJ lalil 4_o*LiJ! (j-a-»l nUtl J^>-J J^J 



Stars Populations tatljA^M f | 
Sj^ljj-jji^'m Walter Baade ^jb j^JIj fJUl! *La i 1 942- 1 94 1 *Ll<i, J}Li. 
.j^jjv^I *jjiaJ! (jlr <Lml in-». 2jj^'^" CjL>-^ii i Andromeda 31ml mil Slj-U 
3jij^>.j_I.I aj^cJJIj i3j_>J,l pji^? 3-i!JJ.I A^aJJI i_a^ini~l sLtLilJl (jX.j'1 ..La 

4_ujJLJI ajj*_JI <LJslj-4-! Luj^c-o (^ «Loj£VI ^1 i dlaJI ? I 1 1 c j La i a I jJU 

J_«_l (j^"-lj . (jjA-II AJ-30 (_LiX-! 4-Lj^. I^J^ ljjL>-J (4^-1! Ij-OOJ i(j ml Mill (j-O 
4^t_u3lj (jjL^ ^ J ^ - '^^-^ J ' d j^J ' La3. ■- Lg3JI iCjLjjLfl-S 3jLC ^1jj>.I 

aj j a 1 1 I iii i ^j ^j-aj ijLtC 2lj JliSji 4-jjl i ii"(d a^5e_L]1 ^j^** I /^ c_4-pjlJ1 ^—5 
(jl ^j Ir (j^jSLiill ^ ^"'_'J .Population 3j_^_«j>JI ji (jK i nil a j ^ a a .. jljjl>JI 
Sj ^ o -v (_L*L4j-4_<jiIjjJLi Ijl^x. A^a-Lll aji^I (j-^j-(j "« '"'II *jjL»J,l a^j*_LII 

.1 ^j 
L_aJjj /j^J i4_uLl ^j j »3* ^—5 d d u se rt Cjlj_j_4-a L^J /^ll a^^*-^! Ci-t-a rv J 
3jjj£LII Cj^ijSJlII j<u-ul diLill »l nlr 3 ' JJ "^il>^' Cj^ijSJlII ^j^sLi. aja i aj 
j ■ a 1? ij^-i 7-j\j~u ^Uul (^,1^. . U -w \l * (J ~ii\ Clusters 5_j_<j^*_LII Jij ui -»J I ^ylz. 
LfliJJLC i_Lu J£ A^jaJjl (j-o JjLfli JJLC (_ji^. (_gjJ-»Jj i4_ujj^3 4_uji i_iJl 200 
J ui -»JI (_£>JJ .i_ajjVl i^jLLa LiLo-tj i_3jjVl Olj Mir aa.l^JI J mi-»JI ^ 
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cLunJI (yo pjlc 

/J ' ea-AJ m£^9 * IftS. i ill" (j-* ^-J 2?9 i (^ E -^' cP - * *L*-a2[ 4_»_dJ ^JN mi /^i^. ^tjja-'jl 

.AjjaiJil LiutjLo I Aj'X* jljju^. tjl uuVI <ua i^j^a i4j!j^*.I ^1 J^SLlI! I jut 
3_lJj3_L»JI f-ji^l (^ 4JI mJ^Lj j«JL«1! •» iiaj| i3j_>J,l ^>»J Jlj^j ^Lul 

Lol ij_«->J! «LaJLsJ(JI (j-o (JjJ-3 JJLCJ <Jjj-" 'LULuiJI (j-° JJ J-U '^"Jd ^J^*-*^ 
MJLILojiD -ia^>-J 2j 'J-* 3 - 'LLlLiC a^cJJI *_U (jl JU>-J JJl3 3j^>JU i_As (_y3 

i^J^/l Sj (jo-xll j<u-u! LjJ>>- Laj *J-?^' fj- 5 ' C" 3 <Jj>" fj^?-^' Cr^- cJ^ 3 ' 

-(_g^Li j 2 li c I j . 4-uLUI *j j i ■»■ II (<u-u! Sj_>J,l i. i|q ^a j_<u>JI a^cJJI (ji^-j 

JLJS Lg_ilj 1 1 j n f JJal (^j^/l Sj fl o >JI j»j-><-i (j Li- La- j •> ir^i I jut (jl JJ-jjj 

Lol .(jjjill jLAJL iillall 4-ujiJJUJI fjisVl (^a jj*._jil jLill {y* oJa£j 
>. i \ a ^-Js jsa^>^aJu jLiJl jj- CjI iii ij Lu_u j-pi cr4^ 4_uLU1 3j»$_a_>J1 (*&->»-) 
i3iujij>JI 3 j< I rill cjLJjjJI ^yflj .^yjjSLII j Lit I (jja Lu-uu ^LkJIj i3>»JLl 

4LlZj j_i^5 Lt£. (j£, SjL^. A^aJjl 0JL& 3^Lo jj-o 4jLLI (_y3 4jljjIj .4_l>.LjJI (B) 

.^^jJLjJIj ^jr^-ijJ^' 6-° J-""' j-^ 3 ^ l5' 

4_]^£La ajj?e_u1 i>J_A 3jl_a jj-* *LjLJj ^—5 4j^Ljj i4lu tj<j*)\-i 4j^Ljj «Lu_u tJ^JJJ 
. 3j_^-<5_>J1 i>J_A O-30 d i i nil 4-Lgja-(j1 ^iii ->J 1 'j^j La Sa . ^ Llaj j-t-aLt£, ^j-* 

1 i i n o mi f-<2jj • d LiAi j-i-al_t£. «LiLL1 ^—^ (j^_ul (j-* Lp^La ^j^Sluj i«Lu_u (j^j^L 
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j-t-aLl^. 4_iLt1 (—5 j3 /^i^. L$j_}La ^^IL^oj i4_u_u (j^jJj ' gLLtaja 4_u_u ^—11 «Lu_u 
0JL$J 2tULa L_uj^?e«a siLxjl ^-JS JL>.^j (JlJI 4-baj^-*J1 J)^ i m -»J 1 j-£L*jj . . «u_ljj 

.<tcjju>J,l 
(_£ali_>tj Lu_u j * i^VI a&jse-lII ^jl LUajl ?t-Lgaj| ' < - * I j j o 3c 1 1 ^_u_o2lJ1 I J-$jj 
. (a^-lL^JIj ,^>.j|j JLi^JI (j-a Jju z\ (_gi) 4Ll2Il!I j_i^al_L«JI (j-a ">j_u£ 4-i-mJ ( _ ;r Lc. 
ao^c-JI I n<j ia I nii" ,jj jUI i^jSLII jLiJIj jLJlII (ji (_ji^. i_LJ-S I J-* o' J^-^J 

isLLj^SJlJ 5j»-LiLI S^Ltl ,j-a jJjj jojcJJLs .3JLl2IL1I j i^LulILi o'-i-'^- <3ibjL>JI 

j_i^> l_L«J I ^jJs 3j-^3 (jjSij (jlj JU V 4-LmJU ajj*_JI I j'" CjLJuj (jjJI S^LLIj 

i4_4jj_2JI Aa^*_lJI oj_a 3l_Ju_i o-3_j ( _ ;r 3 4JI idlljd i_iLij-u2l ju>.!j . 4-Ll2jJI 

(J-o-JijJlj-A jj_a ( JLiJI (_£ ^joSLa j"-^- tl>^ ^J"- 1 ^ S-i^^-tl SjLtl < la * rt C^jIS 

. jLijI *Lj-aS '"■ ' *-»^ i O-^oSj i-y^Jl f*^-?-'^' -^^-^ ^V^jjj t ajjjI frj 
9. 1 Laa-dJ I ^—Jl L^jjLa ^j^** > » Ua^ I ^—3 CjJL>.t-L^jl 1 11 i J_*_)-A^?e_ul (j^Jj 

J . j" ' "' (Q-i (-H^' ^L- p a^r^-t-J ■ J-^- 3jUL! ^j^* 1 I J-^J j^pa&JLJ Cli_ijt_] 4 L$j LJaa3>J I 
OtSJLS JLS ao^cJJI (j-o |>f^ I JJ-C (jl iiiiiaJI »l air jl2Hkjj . j&jajjl (jja£j (ji 
4-j-m-l dol.}jL9 1 1 gla-l v (^^ Cjj-u (jylll 4LlSH!I j_i^Ll«JI (_pajt4J frl LtaAll ^^ 

.ajj*_<JI <j-u (jJ^SLII jLiJI lJ £ 3ljii~itl j_i^I_ul!I 

jji-j La S^LL i^^LUI (JjjJI jLc. (j-a 3 s ! uillll ajjsJJI (jLa i_dJ JJ 3j*_luj 

j_ual_>JI Cj^jJ! ( _ ;r 3 Lai i Lijj_2j SjLLI ^^ 4jLa jLc ([^a 4J^SLa 3j_>JU O-lLS 

(jl VI .Sj^JLI ^Sl&JI ^(j-a /.lO^ii^jSLJIjLiJI 3 j , ,,;t j-jjl2j j-^I tjla 

tju_i^tj i a^eJJI jj^-J L-a 3^La jl_i£.J jLc, JU^jj (—5 ^ a" i n l l_3^j_u a^eJJI Ji^>-J 
t_a^jjj iS-sLtl i>J_A (j^-»-a ' gJaJtJ (j\ ^Jj^ i (j-*>^' (J-* '^>- ^^L^Ia Cj1jH£ i^ju^aj 

.(jl^Sjl j—5 A£J?e_!Jl 51 i ii 1 

A (JL>* (-H^. «QjLi j-;^. JJLtIl£ 4A£j?e_ij1 ^j^** ' J ul) J_r»o «Luj-C 3j-Aua LilLLA 
(, a i nil p^-iJi a^eJJI i>JLA (j-aj « i-Lgaj] <j?e_>J1 Cli-O* ^j-a 2lj p a < a 1 1 Cli-O* jj_a 

(j_a 3 j a in'tt oJL& Cjj a" ml ji^j iCopheid Variables 4_jjLL<JL!I CjIj-JLILLi 

. I g-i3 pJ-iJI I J-A jj-a fQ-so (JJl i ^ . ."Nl (-jjI jjjj J LLjJlj 1 «Lc^_aj5e_a 
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»LuaJI |>o pJlc 

jqj?e_l11 (_alj-Lsl JUIij JjjJjJ?! . ajj*JJI oJLA ^^^ (^U^LjalLo £jH$^I "A^-J * till J 

ij\) ^ ,„< tTI 0U0VI ^ J-g-C^ :^j^Vl Lai .4_u^UJI ^tj iJiljJI ^1 
t^USLb t^JjVl 4_JL>JI ^^ .aauII Ji.1_> JjL^il iU;«Ml ^j (rjL>JI ^1 

4-i^-iIaj| pljj 2I jj-a 4JaJLsX. 4^jLLjJaJ1 Cj 1 j-jJLil 1 j •*■ *"< h i^j^- VI <^9j (*T"' 

AJJ?E_LJl foJaJLAJ . ((J_i_uj-^_j1j-J_i_u1j-A) {JSLtTu jj-a S\-jJLl^3 ^ * 5 ) (JH->0 (j-Aj K, G, F 

iAjj*_JLj 4^lilSLI1 4-Lxla «L*JLi ^^^ J^>*JJ Cr^J i ^3 "Ji"^ Lr^ d *^.'^ £-*-<* tjr ^ 

«b_tlu (_p=>J VI er^" ^^H**"^ 0_jL£L1j ip^jj_ol (_p CjL>.jjJI ^j-* SjUJX. Ls VI j-jjlIj 
4_Cj_oj?E_a ^—b Mira lj-J-a 4-q_ljj I 4_ij LLul! I Cj Ij-jjui, I jj_a fQ->»J tiJ LlAj . 4j-t3eu-uija 
■ d xje i aj itJlJLlJl jjJiJl jj-o /Qj?c-tS £o>^_cu 3jLo Jjj-tuiJ J-^J iCetus jj-oLa-tS 

Svjfl «LjL«JL ^-JJ— J («-J i ^-^- J l*- J ' SjLC Ll^l>. (JJajJ *^-tH/L*J1 jJLSJI Ly^>- J'^-Jl 

. 1o£L&j tiJliJl jJ-^il ^1 -i>»_J (jTj^f 

j JL^ l gLLeaj (j iaSLi JL^ (j Lt-4-U I ^—5 j-jjuJ I j . 4JjjiaJ I SjJlflJ I Cj I j J 0^3 ^J^*-* - * 
BjJLaJI dilli Cj I j— 1 laTl.1 I (jj-S jl JL^I 4 * t in * \ t J lj-J-*J t^l (J -4- ^ ^J ii_La_^ 
CjIj-jJljJLI tjr 5 ^jU gill ^paLiitJl ^Lul tjr 5 LilLaJI »1 olr JL>»J J^J . 21jjUtl 
i>J_Aj 4 ^j j_j j-SLI I <-^-)lj^ (j-« ^j »a ' ' ^**' A I ' ^j^s^ i^-J^VI l_AJL>. ^—11 «LijLa_LSjl 

. 4_j C.(-«_u (^JJI ^a-LgaJt ^y*A 1 «L»j>.1>. i^j^- /V9 (jaj>SJ| <-^-)lj^ 
aj_lC jj-^ c-t-t-i-u.a i Cj I j-jjl11 I £—5 ^—jL^t-oJl (^JLlII ^jl ^LqjjuI i j-^+ ) <£j^L3 
SjjjLj 4li^l>. N M «Luj-a jj- A J-?° Ol •f^*-"' > J^ ' "j"j* A (_?^^ t' 1- ^ J" -1 ^' (j - * 
(-J3 p jJJ I I JJt £_ya ^^^ I L H> se -' J * *^"^ A * lJtt-^ '-^- i 3- i ^ 3 djjuju I 1 La * • <a J 4 Lu-cuJ 
.«Lu!iL>JL) ^-J^SLII jLulII IjLA 3^Lo jj-a Uj->- ^j-^" ^ * i (_r J 3^ J" -1 ^ '-^ J *Lflla_La 
O J K (^rJJ L« 4_La_tlaJI pljjVI ^ <J»-«^UI f>^]l l)^ 'L^J^VI 4_p.LJl j^qj 
.ji£L] La 3 j-SJ I jj-a ^.a-LgaJ I I J_A /j-3j . g-a-tJaJ I ^j-a 3j-jjS ^Lj-^ ^-iTujj 3 j L>- 
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l^gjuJI ugj&llg 09SJI 

4_Jx. , U » i >. 1 1 I 4-K-L4-1J l _^_) i£L! I jLjJI *_3_U i ljr c\i ~n\ ■ La « i a Lr ii- d U a I -^ ^ M 

./ajaJjl 7t to i» (jr^- pj^>" <j-° 

(j_o I jljv Ij-iLJ Lcjj J-? *(j ' M-tS^Jl «-jLdJI LLaj. (j-o 2>Lii3 jj^-*^' o-"j 
,3jLc 2 j a j taJI Lgc IjJTj T Tauri Variables j^i-II CjIj-jJLLo ^c ju a^js-LII 
.(^j^jjjJI jjLjjJI ^^lc d ^- a 6-° O^*-*^-" c^ ^-^ J -"' U-"-° (O-^lj N,M,K 
«CujL>. (*5->t-> L^_3 Lj LilLiJl si glr jJ£L*jj 1 1 jLiio ' j > r iJt3 j-l*Hj a^eJJI 0j_a> s^_Uaj 
0j_A (J z 1 3 9 3j^>.j_a CjIj-jJlIjI ^jlj Uj-se-mJI /^ AJjSlLa ' 3) Sj 1 ■■ rt j-lCJ 

» ijJLlL) L^_La JL>.1 JL>.^J zj 43jjLlLo ib^LajJiJl Cjlj-JuJj J_>»J Luj^?E_a cA9 

( _ ;r «j-u (<s^><-! i— iJI 20 (^Ij^v Lxjjje-a ^yfl isjj_«JLl CjIj-JuJiI ^JLC *-Luj • LLo 
a^eJJI -n la * rt tj"-^ ' (J^j * ' ea 1 1 (j^L>.La 4_]Lssj_u (—3 Lai . Lg-Lo jj>- 1 J I p^J /^\ 
>_uaj L$Jt (0-^.j-j ipj-«->J.i jj-a 5j j iS d 1 1 n 1 (JILs-sj CjLjjLoj^ ^c 3jLi£. 3j-jJuJJ 

. 1_UJL5E_4-1 0-lJ^9 1!il 5> J * IS> 3j^?E_a 

' la ^3 1 j"j A^j LgJLjj-a ^—5 (-jLhj 21 4_]jLo_jJiJl Cj1j_jjuJJ £j\ ?c_Ual^Jl (j-°J 
5aJaj>JI «L*_« * ) JLjjCu /j d-J ga j-ujlj (j_« LtJajl ^Jj i^jLt^jjJi ^—b (_9^iIL>.1 (j-* 

^^JJ a j A j U 1 1 , U j Laj>J I 7-Ij_l1£ l_La t—iljHaVI ^^ ^ -» La 1 ■■ J^-Lj ro^*-"-" *L^ 

1 JjlLus 4-3c.Ia.uj liJ^tlj t^^y>. I 3j_a jqj?e_J1 j^LoSjI ^Lul /J^j i^LSjjJl 4_o*LiJl 

' fl-uajl (j-o «lj_<u>JI ^ojvLJI ^1 <Ltfl-tlaj| ■ La a La -- 1 1 7-\jJu^ Ll^. 

Nova ( li^Jf ) *j7'-~r |«^JI 

LJjL<tcLj (jjjLj_2JLi dJJij i4jLii! 4aalaj A^aJJI 3Lo~ ^^ <"«ljjU~tl (j! 
(ji Ljju>-^J I i 1 11 a i"i (ji^. liJJi I * S 1 La ^li .(j< ' ' "-1I (lr^^-° I j~^^-N " ' . ' ' Lajjj 
c_j-5-«-J (_gjJ! (j SI ^ I II I ^ ,".! ^<T J -^ 1( j ,1^ ,~|I1 3j|jj>. ^^a a \j La 1 ea 1 1 S^LjjJI 

L^J i."i i int (jH-Ii j-3^^ Cy° o^J ^jls 1 11 j_t£. j-pjLJ ' ^"j l^joI I ^jLt-oJJi 4JL>* 

(jl J-J-C j j U " 1 1 I j_a Lg-3j i "1 1 n_l (_^jJI 3j-U (J^LaJ 4ILaj 4jjJaj 4_uutl V! 
3JLv (^ J_aL^ j_JlJ ^1 (_£Jij3 iCjjIj^ -^^-J d^ ' a uiSJj 5-j£LLaJI jL^j^l 
t3i-3e-B CjJU»_j JLa-9 .CjLcLj_u » ■ eaj /^>* Jl Ja-A^ r^"- 5 ' 4_»_Uaj jJ^L^ rQj?E_ijl 

^jLaJI «LJL»JL (j-£- 4-ILslI JLjj-JJ iSjLifuJ fQJ5E_J1 J x -^* > tjl-jl JJ! JjLu j-jjuj 
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cLuoJI £yO pJlc 

a^5e_J] jj^a 3L^3 7\' ' ^" 'J ' ** ' ^ * ^Lj-LcaJI «G^L>- l_AjLss_ajl (J^3 (j^^J 

.dJLLoIl «L«lc aUIaI t_jjj=l3 »l a mil ^ 4j<-a}UI 

(jl Jljlj^ ioJ_it jujuiJ! (jL«_«JJI 3JL>. Mj^L j q~ < «" V JL>. J£ (^-Lcj 

Cj^_d_>J1 (_3 ^j_us JU>-l_i i4_jL»JL w < a£] (_JI d *~J mJ v^-dHJLI j«j5e_u1 J i a * 
. dlli 3^e-i jl 4_u-u (jj u?lC ^°! ^Iir^al 4JL«Jk ^1 Lju>-Ij LlxjjJU 

3jsj_>jj (j-\_*jL] jlaLIuj (jl i* i^s i ii nil p1^lL>.1 J^ j^ i im 11 (j_a (j^-j t^\5 

I aJLLLa I j<sj (j-oj i LtjLaJjl j_Ll3 A^jaJjl OJL& I jj^** Oul^ Cr^' 4-iLlo 31 5JL>JI 

. L\jJ^>- CjLJuj j»j-><-i L$JI oj * Laj !jj^(<i^j 2 Nova 3jljjl>J! a^*-L!I /<u-ul I g-Ac 

j La 3 j-j-SLj V (_)-agjl Laj^9 U5^ '(^>0 J^?-^- Cr'l f 1 ^?-'-" (Jj^^-y O' (J^J 
j;"' ,.j"j'a ljj-i£ . CjLcL-u » Laaj ( _ ;r 3 J^tlll (<UJJ i^M-jIs VI t_gj" '~"^ S-"_9^ 
i_aJ] 3-g.j i ii j r-jl_>JI ^1 jLi-JI (j-o jL>- i_2^Lc dJj^tljj JJ-4III (_ya (a^5=_<JI 

<_a^L«JI I j_a j_a jljIj-II (jl « a LIl u 1 1 nj . 4_uL\JI ( _ ;r a j^J-o ^Lj^ 4jI a i n a^j 
(^ 5j>_oV I Uj U -^ j.i ,^j i«LUa_aJI (jJI jLjJI jL«-II j-3J-y 'Mi '-^-'i"U 

* sj-a_i La Jl ^J-J JUljj . (J-\j>.J)jJl ; l£J1 L$J j-^*-^- 1 (j-"' ' La a La >■ 1 1 (_& it—tt-iiajl 

(j^j i«_o^UI «j_UaJI (JLj^/jI J-ijj iSjjij^JLi (_gjL«JI <_a^L«JI Ij-jj 'j^jj (j-a 

(^ jl iVi'iVI fjjs j a" i im 4Jl *_a ijLLajVI (j£, ^jLiJI <_2^L«J! IJr 2uxJ 3jLgJi3l 

.g| jlir-i ^1 4jJL>. ^1 (OJc-LlI -i>«JJ ' r" I LtaAl I 
JUu ^"1 q\ n jCJ i L^J^La {jja ^j^e-l p I L^All ^—5 (_3 JL^JJ y^-AJtJ ^jjl Lb^JJI 
i=Lj_iLj A^ja_Lll aJJb j"?"~ CjV L>JI -i La « a (_y^J i^LJI I j 17-"^ (jyJI liDi 

vijjLso LajJJI ^Lui (_^ SjLjjJI (jl . ei 1 La!i * a cjljHi cr^ ^ ' ^* * ■' O"^ '^* C'-yj 

' ■ La a ^ CjlcL_u * tia * tiU!i (j^ *"i i n 1 (jLij>. 2l ^j^** > Cr^J i4_t^.Lia ^JJ ' a ' LuLc 
. 4lol> 3 JLcL^j * ' ga se 1 21 «Ul ^Jj LiJtjjjG (di^ (jl ♦ aoJI ^j^*^ I L«i 
ijLa-fl-iVI 4-j-La-C (J-J-3 SjLj>.Ij aj La seS LsjJlI (^La^ill JJLallJI /alj Vj 
^j^-> * i /j^Sj ' r* I LgaAJI (—11 t_3J_dj ^?e_ijl ' " * I a ■ La ^j-a ^ 5 Ja (j-a j^ot (jl JJLu^ 
4x.j_<j»j JJLcjj 3jL>-lj (J£j i(_Jjji.2l ^1j 3jl>-IjJI 1 " ' I a • La 3jLc (jlLaJj (jl_o~2l 
.SjLjLSJI <LajIaJ I Jj I j ' '-"**;; Cj LaxLaJ I (_p (j^ 6 ^ (j' ^J^-Llj ' I goAjl 1 ■■ (j-a j-jil 
i3jlj_>JI 5j>-jJ pLajjV 4ja_uj^ (.^JLj LflaJjl (jLni (^ S^Ljj Jjl (jl JJ-JJ Vj 
J^Lkj La (^jJI S.JJLajJ.1 3_jjLiJI 2 a^LaJI J»-^j pi < iSiVI 5ja>l 1 na SjLjj ,jjj (jSLIj 
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il^gjjjJI ugj&llg 09SJI 



4 j_UaJLa i4_t^ 4_«JL«-A 4_oliLl JSLAlI jl ua2jl\ ^ LsjJjl ^UI lj_y dilj 



(Supernova U$y j*$*) Sjlh'U $$i |**M' 

^^ sG^La J^ j -»■ a '" !il i<tc.j|j_o 35jl£ (O^*-^! CJJLaJ Sj^LJ CjVL>. (^ 
tAj se i II ^g^**( 1 nd (-r^ ' ^J**" Cj^-a fib! . Sj-jjLt-a *1jj>-I ^—11 JJ)j»^Li£ f.\ LcaAJI 
(jLa ■ r ' Lta-aJI ^^ (OJc—iJI 3.}Lo (j_o zj-x-i i_2J_Zj LfljjJI 3j_aUo ijlul^ liLa 

. LfiLx-i «L4-La_>tj L^^jj-i^ 1 nil 

La^jjjjj^i j^Jul jj* 1 054 aLc iCrab Nebula pLlaj mil j<u Jj-u (^ j_&j_i mJ jdlj 
(jlj_Lj>- J'C i"i (ji^. 4J3J-4-a 4jjLc. 4lj£ j^c SjLi£. (<uJ-<-uJI I JUtj iTujjLlII ^^ 

L^jj^i^ 1 nil 3j_&LLb Ji)jjL>. JjtJj . d 1 11I J)" Mil LLa (j-°J i L£j- =t - L ^' tl>'-^ 3 > J - a ^' 
4_ijj_SJI (_jj^>.2l cjIj_>J,I ^jJs cjVL>. ^j*-*; dJLut (jSLIj 'j-^ ^-"j^*- cr^ 

^j^* I iiJLL& (^A-^J 1 2 A^5fcjQ a^jse-lII JL>- 2 j-aj_ll jL^sjij 2tl <■ i 1 1 11 (jlj Laj . l_La 
.liJllII J.^Atl (^3 tjjj-^ \-*& iiiliill »l glr L4JI L*L ^pJI djljjuiiiltl 



^ia 



»LuaJI |>o pJLc 




. A^uLiti 4_t.t.u-iloLlJLa ^^h Jja-j (_yl£. J-jKVI JSLd J-4^ ^u-g-tiiJ] Cjt JlSU I <-3j.<.uSLIl : (26)JSL.i 
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d^gjuJI u-iji&JIg 09^*" 



_ 



"I 5+ - 



a 



10+ - 



15+ - 




(fljljjjl) ( j i ijt-ll l (jjJpJ 



(27)JSLi 



44 



cLunJI (yo pjlc 




(28)JS_i 

^2, Aj^=e_L]l 4_3l_j^ J'~" (^-La ^1 ^1 La- r'^l^ ^Jl-U^ (jrJLj>JI <L£j£ (^ (13 - a) (^^SLII JlA^JI 
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^j .^.tl jjL^iJVI iiJlj.il u£ vliOa- ajl2j j-£l tjl 

l3.}j_>JU ^Ltu-jVI <j-\-C L&ljJ u^i\ A^C-JI J£ ^Ij 

3.U ° ' " * LJuotja ^--A 3jl>.1j 5j->J, ^—qjJj 

(j,, ^ uJI Loj .3_il_aJ! cjjJ jl Milky Way ^,-LjJLII 
allalJI I j a w ' a j'^"* -^H" *J 3j i 'ii Mill 4cjjij>JUj 
.j«j>j (jj-j_u 130 (^Ij^s^ (j_o Q^SLlj i_£JJI j—ljSJI 
(^-3 Lo jjLaJLj (ji 0_jJ_>JI dJLLoJI plr c-l Laj i ulj 
l_£JJI jLjj>JI ^jSLII ;t j i ii ill (aiellalj i LujJLa 4^>-lj 
,3j-^>-lj 'D^H-i^-" jl j « tlj jLjJIj aj^*_<JI 4Jj£j 
dil j£ i ^ .^."Xl j io^Ijj «_2j (j^JI 4aLiAJI CjLc.lj.ill 

ij^L^Vl cj! jl*.^! (jjS^ ^1 SiSL^JI 2uijSLII j>>JI 
.^l^OLM *L^JI Ijl^J 

i^-\j>.j)jJLt^J1 (j-« 4_uLLt1 CjIjJJIj ^j\_H5^' JH-*^'J 

r"jL>*j . SjLo* 4_uj_^£j d j ' "j ** A ^a L»_a L^il scjj 



117 



C< i ii j J Cjlj_>J t lj .(^-3^i—3 3j-C I j * rt 4_jS_Li]1 uj-jia LL4-1 4HjJj * -jLLali 1 ■■ 1 La 
jjlc i \ n jls iClusters ,jj uo. (___i J^j-jj LaJlj tyl .v«Atl ^^ ^1 Ijljlj 3x.jjj3 
LLjj__*_o L_jJ (jr JilJj (jyjJI 3jcj_«_>J,I Lai .<_aVl Sj_Juc ^l^s- L$-i3 cjIj^>J,I 
j ui c 3_uL«j (j-o oj^-"_3 Local Group 3 j 1-sJU 3x.jji_»J,I j<u-ul L$_^- 3^-' a 
130 I /Vj U a j 3 LulLoXI fltj-U ^yA 5_lL-»J.I Sx.jjijjJ.I l_jIj_tco >^ls ' b ' u ^ 
2j_>JU dJJjj 4«Lu^_u3 4_u_u L-aJI 100 L_Ljj-j?E_a J '-*-4* J i^Lj-J^-ua «Lu_u t_tiJI 

( _ ;r _3 ajjcJJI .jJLC 1 in i>i (j_a j^Sl i^l (O-? U5t~ 300 ^.Jlj^s- ( -5 -Lc lSJ-^ 
(_3j-LaJl /__5 Loj-?e_« (JjLojj i4_u^_ua «Lu_o ^-j^-lLs ^&_Li LLc J_t_u /--Aj < Lujj5e_a 

. ^LlL^J, I M-w^s-^J, 1 Cj ij^5t-a (j"« J^ * ' 

Magellanic Clouds (j}L_».La Ll>Lx_wu I n fr i^LLul LLJI CjIj_>J,I i_jjJsIj 

dim t_iJi 32 I *j U a) L$L> .' ^ '< 3 ( £ L : H> X ^ 4_L_u L_aJi 25 I *j U a) ^j « laJI 
. I j" I J ) ^jLtlSH 1 ■■ rt ' ^)Uj j* 1 gaJI ^uj->JU (jLjLkj («Luj_l£3 

Galaxies Classification M I j*A I MmAii 

x_uaj (j^Laj 4JI J-^>-J Lajljx. ij»La2l ^1 L$J-^ SjJaa. lilLall joJLc j»jl2j 
(_]! Cj1j_>JU ' ^*'^»" QjJL>. jjSLat L-Lcajla 4(^\_»-a c-ljjjj ^-JS SjJjLlLU a^eJjI 

: |^K iU 3ji,mILi p I^jI 35^15 

irrigular (2jjl ''"j.'^Q 3-La-jljlitiVI c^lj^J.1 - 

Spiral (3_ujijJL»JI) 3-lJjIII olj^J.1 - 

Elliptical 2 1 laj ! 1 I j_i£ CjIj_>J,I - 

*/I8j <3_<_JjJ olj^J,! (jji /.78 (j-IIj^- o' 3j<Utl cjU1i^^.VI JjGj 

3x.j_4.uj JjlLaJj CjIj_>JU (Jjj (j-U^LJI oJ_*j . *L«iaILLa j_lC > U^a 7.4 dj-r jljlitl 

njj-i.^1 cjIj_>J,I (jx. I_jj J-«j-jj L»L_»_il l_j-Lo j£v jJeluj i«L_iiiJI iJ ^s 3JjLit 

t>JLA /-ix. l_£1jjl111 iCjlj-^m jj-* p9-3 _p CjLj^j_*_« Lz-^- d ' a a> I a 3jJ_u (3-^J 

.SjLjJI 3_jjj£CJI jj->J! 

(2u^Uh«JI) liiiAiXiftai Q 1 jaj f 

^J^^ cLajL\ILl1 a^j?e_L!1 ^j-a d 'J' t-cau 1 ^J^S t?$£ 4 ■ ^lS. ■"■ ^j-o I J 1 ■■' ,\ o" i uj 
ij_«_«JI (___} 2 a \ju\ I ?lj_o_»JI j-^_*_Lll (jjj LiJLc. CjIj_>J,I j>J_4i QaSJuj ijijJil 

M8 



tlihjill pljSUIg joaJI ft.jUln»JI 

L^_il j j_ijj i^^-ijS jL-j-c (jr^c (_£jj->>j (jl La£ 3juju>- f^><-i I {j^°> oj^-" Xi 
. cl_Li!l ^1 I j S jj Ls Ly ^ I j . ..Ai (^Ac 4 flii a 4 i La 1 1 

jij_o ^yfl 4jt-a2 3|jj 5jL"LaJ (_£jij-a i. »/ B Cjli L^JLj CjIj^>JU OJL& J-j-«j3 
i 3 1 a_LI LJ Jsa_j_>JL I lysjSal I La 1 d find ao_>u (j_a (joSlij (jr-Aa i Cr- 4 -*- 1 -^ ' O - ^ 1 *)-^ ' 
(jl^Sj /^Ji (--13SJ1 jLulJI (j_a 4_a_u£ A^^ ■ j '' "*■**'" 4_)Llu f*^*-* (j-* UL 4 ^-* ^4^ 
(jjSJ2 4_uj|jJL>. pjil CjIj_>JU (j-a pj-i-ll I J-A J^alajj • jL> """ "^ *^ ^^ ^J-?"- 1 
<_i i n-e-i (jl l,!.-^ 4_<-J^J 3j^*-« (j-II ^J-^- 1 L° l-^JJ •LAJ J J^' JV*^'J J^*JI (j- 4 

(j_a J I ^LjJ'j jj-a jj>- VI ^j>>* .tlj d ^ ^ I j rt Ij.'^n L^J- 1 Lu^> 4(_s1j^t_izl * )L_oJv 

i4_uJal!l pj jal (_j^ Jjrr^LaJ <tjl (_£j-i (jl i jjj-ic (Jjt'i i ii U (j-a (jj*Cji iij L$J3jJo 
.4jjjIjij sLaJalia ^1 4-LiljDI CjIj^JLI < ■ ..*"j 



jLc, L^_i ■ La j se j Si mi ill 4ibjU>. «L9jjJI A^aJJI CjIj^>J,I aJJb u& Jijjjij 

<_i Uj (j^-Ij jjLajs (JSLi 4J (jj»jJ cj!j_>J,I (j-a p^JJI Ijla (jLa I ^j ^ c j i/o-iLs 

■ ^t U miU JSLJ^I L^k 

. aIjJS^Ij 4JLJL«j<J1 Lg-La ' ill * j'*» iLg-aL&j>-l ( _ ;r 3 i_iljiej Loj-a-C CjIj_>JUj 
L$_Cjjl J— >»-) f "' j |"*- ) JJJ^J 4_j_J^JjI Cj1j->J,L9 ij^t_a (J^>- JJ^J ^>-*-* lPJ 
LijJaj lil iSx.LcoJI i_sjLa£. oL^jl (_y3 JJJJ (jylll Lujjx-a L^JLlaj 1 1 j» a I j a uj 
. Lt«!jj 4_Li!jJJI L$£.j jl I i eaj I i.iti n" (_j-4j (jJI n uJI L-Jg S II (jjs L^jJI 
pjjJI (j^ LuLjj t(_j < \ i"ill ( _ ;r 3 jj Laxi CjIj^>J,I (jl diiill »l <ilr ^j'^'< LSja 
CjIj_>J,I (jl OtjO-j . (_gjjl jJlj ^- 1 U A 1 1 ^ jo ulSj ^^jill pJ-iJI (_jJI (jia-jljlitiVI 
(jL»jj lJ JS (Jjj»-Ij iS^ZjJI 3jJ^ (^ Aya-JI (j^J 4iaL^ 4x.j^iJ^a (_;,!£. i_£jH>«J 

«LLiLa CjljL^t_ojl i_kaj_uj jl £JJLA (_5 L^-t3eJ (__tia2j jl j .>»"-»» «QjLlJ * )1 i i iill 

.CjjII (jis-J - i ^W'' • i - IJ ' fj 11 ?-^' *^^P* C^ 4JLol£ 3jjJ (Ji-4J (_y^ ' ( LJ^Jj-JJ^-") 

1j-iLSLa iAj^?E_LJl ^J -1 — ' SjLa Jij^>.j ^JUlj (j ifl J 5j * ) £.LajJLJ1 QJ _ L)^ 
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>Ij>9-ujJI ugj&llg 09SJI 

^jjJLalbu I^ojLSj t4JLi3j *1^>-l L$J da-Lao i U^a La^_>tj 4^,jLall si o i nil (_£ L)JLH 

tCj^_4JJ 7r J UiJJ jl) o"(( n LJ JJ^J AQJ?e_iJl (jl 7c_Uajl Ltj . 1_}JIC «QjL] AQJ?E_(J1 (J I 

. *_*_uLlaJl (j^aSJl g I lia.9 ^—b aqjse-lJI (_2^U j^^aLi. £oj ^j_a 3jLc -i^>-J (J-* ^-J 2t L)^ 
^jLj (J^-^J 4jjJaj Q^JLujlj OjJ_>J1 dJLLaJI si glr ^gjua I tj-ual_>Jl O-^aJl /^J 

5_jI juJI (j-a^ .(^jSLI! jLiillj jLiJI (j-o 4l5Lt / ~ » I ^ . U - U , ,,j jjjj jJjj r«^*-iJ! 

1 u mi I ^ tJaji * t. i i n"iN 1 La tjLc^ i ii ^ i4_lL%_a diLt-^iLaj Jj^oj I flxj Ol a* ^j z IjJajj 
L$ILujL>. d u , u | aj i^iajLjj I ^ '^* ) Lfk^ljj^i dulu jcj (-Ji Jul ,JN 5j i uVI jj-* 

( _ ? -3 i(j-!j ^1 *Lj_i^£LJI 3-jLji- i ii II ^°i CjLoIjJ 4j*_uj (O^till I iVm JL3 L*^ 

j_£lj-o (j-o ^>-^' Ji jl>-Ij ij^y*- (_pL<iSLiV! t^& Ijljj i4_JLc 5iLi£ cjli i—j^l^. 

i L_uj i ii to LJ'jJ-^ '-. ' ' ' ~'^J *JLa (jjjSJLtl jj.} ^^ («^><J ^j a 1 <£u LoJii£.j . I jxloL> 
<L^_ lT l-o 3jlj_>Jl <>J_A I iii Sa .4_u!iL>J1 «L3ua Jj^Hj 4jj1jj>- Aj>.j^ x_djjjjj 

4-lLoX. tJ^^J ^ij '^j^->* u L^_Lgaju i» i J_>J1 jSj^a ^- tJ *l-JjL$Jl CjIj jjl a Si t all] 

(jLa (<sj (j-oj iCjjJU>JI Sj_uS j-o^fl ^£.}L> ^^ 5 Jj-aiX I CjIj jJJ (_gj|jjJI aLkjJVI 

.4iJ^ OJ^ I J^ 1 ^" jjlll 4^LtaJI 
i«L<ii1^IlI1 4_o*jL>J1 4jI 5 ua J^J O_>o ^^LiSLiz 1 ^—b j«j?e_u1 jlj o"i t nl ^H-^9 

SjLLI Lai iji^La ji^l /a^tiLLa I ■ *-- « j I ^ ■ '■* « j (^ Ja « ■ '-- " « i _J S II « cjlji J-»^=j 

j_j_Lc 4ijj3j 4jL»jj/ (JSL«I/ (_^Lc 'Li^- 4jvjL>. J'^"'a (OJ=-iJI jj-3 w-ajoj («J (jjJI 

. «LLa ^-*-* tajLjLJ 

La /^-Lc L^jlj_u_a^j j—5 £j\ ♦"( i nl a^5c_lI| ^^i_u3 J^c cQjJL>Jl 4jjJa_Lll ^jl 
j_ul3 ("Cyj .^J^/l ^jjjSLJI SjLkj^JI (Ji-I J <d j i njULLm (_JjiI! j_uQj ^ n i in 
i4_i_ij^LII A < i"ial (_Ltij-4jjJaiI I OJL^J LiLjj-d j i inULim (_JjiI! 0JL4 i la J La ■■- 
j j in"j i4_l^.j_o SItiii cljl j 4^LtaJI 4jJLc cljl <ii«-v i_JL«JI ^ ^yi ^\ 
3iSL^JI I j~"*j i "J I j~ Uj £j a ^1 n" i n" u-&£ iii! jjj i r j i a 1 1 4cj_«j/ t_ijL3j 4^.j_»j»j 
sL^jLcoJI 4-uoSLII 4j>jI/2I dil aji n-v (j-o 3j_uSLII jljLcal (jSLajJJ . 3i5Lit >iij 3j^ 
4_u_u_Ja LuuL I ^j^Jl i la a la 3» ^—b j-uLUJl ^j-^'J-*- 3 L>J I dt^aJI /y^~g ' Lga^JI ^—5 
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tlihjill pljSUIg joaJI ft.jUln»JI 

(5_j^jl) (JS i"i ^jJLlI oJUt Jli-Lj O-irtj iAaj*_JI <j-u La SjLa (_yfl 3j>aj>.j_U 

*Lj-3 )>_gje-TLJ (_gJJ! OJ9jJI ^^Lu-uJ i4j^j ^1 ^^ d j 1 inULjJLU ■ U j U -^- 1 1 (J^Jo 
I J *^ 1 ' =L>.jjJ I j 1 ea « J (j-a < *- J i>^ LJU^J 'lS- 5 '^' C^ ^IjLa -i' JLcLl dll nj 1 ii-v 
jLiJI ^t^< (jl •(jyJjl («-><-i -^^^J- "M-V cr'! L?-^ lS 1 ^-" (jiLaSLJz I 3j!jJ (j-a 
(j_a 3j-L»_t-a 4_ui£_) LLsalis-a -^ ~*-JJ '-^ J-^ AAjeJtfl (Jj^Sj (_3 (Ji*JU ^jJl 

jLuUl ^j^** ) j"-*"' (llstJ-ia i^LSj^IiS^I j-t-aLuul (j_a d Laj 1 ■■ » t <-ilj ujJ Aaol^jl 

^ ^j** > CjL«jijo (j-a (jaSLl, I j-d j 1 >>j 2 1 3j£LII •» U , „ Jjai i_3_JjJiil j-lC-^^jSDI 

, - « I . lu'i « Jji ^ji tiJJj 1 j_«^aJLl! 4j>.jj ^^ jjliLiilj LujjsVIj (j^jj£LI! (j-a 

. aoj?e_u1 (j-U >-a 3.}La (j_a ^J"- 3 ^-£" (-J-A f^*-^' 51 ' '' ' 4_)1 JU 
(j-a 4-*(- L - t -a A 1**<S i tLflajj (-J-a t» LaiiJI (j-a Lu SL aj 4HjLi Jlcl^aJS JL>^oj 2ij 
. Luj 1 La_>»J «L)L$-l11 (_3 v-jx^alu i(_^LaS_] 2[ Ll t Jljjj 4_]L^_*_u ■*■ ■ • *->" (jt (j_a jLiJI 

3_aLiL£ -i'-^j-J Laj-Lc (jiLiSLiVI iijjjL>. (jl£LaLi (j-LaJ! <j^>-*i' <3-° o^ ^OJ 

dJL-uLa-i (_ji^. Sj-iLJS i4_u jL>JI (_£jJ3 Lg-*- 7" .' ' "*" £ ^*-jjJ i*^ 1 *-'-^ (j*-? L* 3-iLa 
I g-L3 (jSLajj (_jiLa£LlVI «Lui ( _ ;r 3 CjLsjI dJLijt O-lL^ ^-^Jj • * S '"-""_' *_a 4jjSLII 
J 1 a] ^1 J-i^-jJLi^s I JjS ^1 I j 1 j La -- ' (j-a i3jL*j^JI (Ji-lj CjLiljJajJaVI 
<.\ iii ^w 51 iin (—11 t^-ij-i tjl (^A- 4 - 1 C 1 - "»-**'tl 1 J_A J ' "J~j'j Sj 1 ■■ > I 4L>.j-a ^—Jl 

(J^LlII ^ jLiJ! Ji-Ljj ulai-LaJI JljIjJ J»rit ^LjJijVLi 3 r^il?"l,l 3±^LII Sjlj^v 
SjLjJI (jjtjj 4iK -i'-5>i3 ilibJ^- Q^SHI (O^tlll (^Jl J^i-jJLi L4J 2Uj-wt I 

42LL (^Jl (j-IjVl (OJ=-iiI 3-ul Jdl 52LLJI Jia^ell SjujUc^ 3jIj^>JI <U-j-> ^ 

(^j^Ja (_5 1 j 1 1 n 1 *j j ' a 9 SjH£ (J a 1 11" I ^ miLJI /qj5e_l]1 4JL>.j^a ^ a" i uja . 4jj1jj>* 
3 l-oj-^a (»LajV AJ!MJI C^^J! j '^a LiK SliSLII i^J^bjl L*Kj i/ojeJJI JjJaJ 
4ILu!iL>. (JL^a Sjuiu 1. 1 j 1 in 4_cSLaj Sj_uSL!l 4ljSLII j!i (OJcJjLa i^jI/LJI (OJc-iJI 
(J!la (^ £j i"il-iJI (O^a-Lll jo^ia . I j j 1 ■■ I j J'^* a O^J ( _ ;r 3 O-i^^Lus jL=^_ll i(_gji!l 
(_^uLaS-j z 1 CjjJl>. cLiIJlj (j_a ALC (ja_tLa 50 (—Il^a^. r*Lljtj 4JLb t(j n a i"itl 4Ju£ 
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«GJjS (C->*j La_Lu t<>j\Sj-a /_3 4jjlj_>Jl 4_]j)^_iJl CjLlLulII J^^LLajl 4_il JU (r^>* 
<>J_j4 i '* . ^ \ i _£ Jaj i ii tl jj_u_(2_] *_LaJL] Cjlj—a j uiaj jnn i"itl 4JIo jj»a j-p I 
^J ' a * JL9 LLaj ' ''^**'J^ *tj ii o Mill AJu£ ^j n a-w fiQLiS fQ->o Lai i4_u_ajJ1 SjHAJl 

. aLc ^j^o-U-o 4-11 a i n a~w ^—1! 

Red Giants j«^l rtiMUftlt 

> I j"i (_^i>- i4li.l^ Ja » • '— 1 1 .iLojIj (jiLaSLiVI ( _ ;r 3 £, i"iLl1I (0^*-iJI J a" ' nj 
(J^Loj ijLu LlAj i«Lj^xa «L>.j.i ^j^a-tla ' a > -^ ' ^—Jl^x 4_ll>.1 Jjl 4jj1jj>. 4j>*jJ 

(jjj_lSLII (j_a aojj—ljjjJI 3j!i (JjAjj nU 5-3 JLsJj OJ^JL^J •J-'"' J 0_i>^l 

2_<_a^ ^ I r ,^_<il_iJI *> -y i tl <jJa£j ^yfl Jio (_g JJI jLiJI ^j'-t-l La liLa 
4jj j CjI aj i ii-v i_il jCt>.l ( _ ;r 3 IjLjj (jl 4j!j jj (jSL«-s 4JLa iAajj_ujjJI (j-a *L^L^ 
3-SLjj /j-I] ra-J (j~°J tMJaLLaJI ^j^* I j^j->t-i (JLc (J^LajJl I JLA (J_aj»_]j i^jj>.l 
(j-A-i^La *j "■<" ^—II^^. ^—J! ^J i aj /^>- (^-^Lul (QJ?e_lU 4_lL>.1 Jjl 3jlj->J1 «L>-j.S 
^_L>.1^ '"« ) se I I o a LaLaj 4 ^oj j^-l-^j^aJJij-J I ^J^Loj IjLu LufcJ . «L^o-La 4j>-j.5 
jj_a (Jj^l! J l^aAII ^^ Lcvj_»I/ Lai) (_£j|jjJI (J^LiUjl dlli CjJJLajJ 1 1 i 1 n a i"i 

j\j *~. , ,.vi ^^a Ij_ljj iLiJLi Tt—u-a! jls £j i~iLl!I («^*-i-!l U5^d Cc*- 1 ^' V^P' 

. 4jLo* fa_Iiut_a dajaJ I IjLA JU£. ^Jiajij t^- i hj \ji\ 3t_jLiIlJ1 Jsajv ^—I) tjjj^tljj 
^_^ aj "■ c (—Jl^ao* cij>L^u "I jcHj (-y^>* /j j i n'M jlj 5j i uVI 1 JLA ^ a"i 1 'HJ 
(jl_j (Jj_2J! (j^-4-l Lu»J liJLJI (<s^*-i-II (Ji-I J-l Jlaj>-jJLl (j\^.jjju*$l\ (j-a 4jLLI 
.^jlj^^l ^jjjjl r-LajJiVI {jr £ 4Jli^ ,jji L>.j^>. Uj-»- 1 'll,;" ml JL3 (O^ti!! 
j a" 1 uj ' ■ gaJl J_c£.-(_gjlj_>JI (_gj|jjjl (_LcLilI1 5jjLJ-ao-lLjJI jLaj jaSljJL La_Luj 
,2alUtt j.i .^.^ ^t^l^t.ttl ^LajJI ^jj (j-u-Jj t 4jaj> «-aV »l ui£ ^JSi aUcIJVI 
(jjalSlJI 4jLi£ *Lui (j-3j • JuIjMLLI (^j! jjl aXsjllo Cj->o jjIiJiSLlj 4JLa (<sj (j-aj 
jj^, r*j^tjj «GLi^jIiSjl ( jj^- 1 11 Sa i Llc^ju I j Lcaj 1 ^—5 4jlj!i t^a-J Jajt-LgaJj 4i>J_A 

«_3j (^Jl (^JLlILj i^g^p 5jjiL>- 4^LU (j^LLJl di!i ^^ c-JjIjj iL^jljljLa 

(j-jj! ir-LajjVI Cj)M-cLaj 5^j_<ji S^Ljj t^£- J^Jj I J-4J 11 ■ clSJI 3j!jj>- 4j>-jJ 

..-^re-LlLj Jo_t_>J,l »1 iiiill l ^ r J3 ,-<Cu 
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(j-o JLjIj-ILLI pi * nii 1 j-jjLj 0_r»o JjJLojjI (-JI l_Aj-La_Uajj i/Qj?E_dJ 4_o-jL>Jl 
iSjIj^. («-*jJI ^5^ ^Aii (jiL»^jVI I <j.'."" <jr^' 4^LLaJI J)N tajbj iji.|jj| 
p -». ,>. II j j q**( U «Lst_uj «ULj dJJ!i ^^J-jJutj (jS_4-sj ^t-La-uiJI JjlaLLa -5j-p l-s-^H 

juljjj (j-o pj-<-ul <L>.jJj (jJaLlLI oJJb JJL4J 4x.j-<-u (_£J)Jjj iSjjIjJI 4JaLLaJI 
7r 4J f~> I «L)2 4-g&Ia-uj 3j1jj>. «L>-jJ> (J-aj (jl (-JI (Qjse-Lh L ufl /^ 3jlj^>J1 «L>-jJ> 

• J-&I iSUo *-""J 
*sj <j-aj '^J^-^' cr^ * J J>^ J-^'j L*^*- J-J^l C 1 ^?-^' r .' ' ^ J ' J^I 5j- j" iSj 
( _ T i 4_Lxj_a (^1 (J-J^3J JL9 Ui^ 5JL>JI OJL& (jr^J jlj-i»-VI Cr^ ^JjJ J^-^J 

. (j_«->JI iLaJLsJLlI) I feic j ' J 'M**JI J->^ 
(^1 (OJc—LlI •» u , „ 3j|j^>. *L>-jj) ^j a a -» " ij_<u>JI 4-iiJLmJI =lL>.j_o (_y3j 
'<j ' "-U"^ M'-"^' '^'*^ (jr^ (•*^JI 0^ LaJ-i^. ^Lxi^. O-il^ (_£ JJ! ' aj.alil (j-o JJSl 
4JL>.j_o (^ J-^J 4jIS (_£ JJI Aaskj>. JllLo I CjLfLo ^1 T-LajjVI ^yfl C^ 1 *-^' IJLjjj 
4jJjS ^1 (jjljIlJI JLlxj (jl j_«j>. al ,j}^L«-«JI Lijlj) JjUejj -(j ' mjSjJi *-jLLill 

1 LLl«-o I jl>- ' . lISJI 3j!jj>- *L».jj) f-J-P j- ^ 1 ^^ cAj ' o Q ' *"'-' 4-A& (jl <-^p- 

-(j-evjjJLLgJI r-LaJJl gLjLj-AjjI^tl J>Loj (jl li^p- J^"' lSJL^ (J^-^ 0^-^- lJUJ 
(^j-j>.l 3j— a 1.}^j9j 7t ■ ' a 1 i4_ojL_aJl (_j_a_ujjl )<_iLll]l 4Jj>-j-<3 (_5 ' klsttj (^jJI 

i«\_L>.l j_) 3j)^>*jJL1 SjjLLI (_^sl^>. j-j-«j fQj?e_ul <_ <\°t (_^oLiSLjI (jx. /tILu Ijuj 
w aliej (_pj| 3j)UI dJJj (_gl iNeutral 3juL»J.I SjiLIL i-2>jij Lo ■■■ j 1 ->~ ^pJI 

J)ljJ.I ,j_a 3 1"^ (j^. Sj I j f l_J_2JI Sj)La 7c j 1 ^"j 5jj JJI dll jj^j-UI (J^ I jj'a 

. I j . '-^» j «_o cLi^slj-ill 4_Jj2l 3jj JJI 

SjjIj^JI SjjjiJI cj>Lc:Lil!l J>L»- («jfcill oJ^ ^ 52LUJI ?-Lul j <i~i . iug 
» jU~ ■■■" Vj i(_<iSJI (jr-ilS" «LSl tLaUa-UI 42LUJI (jJI S^L^VLi iSj^'mU 

4_la£LII oJUt ><_a (J_ol_«jJI (jjs (<s^*-i-II (_j-3 4^LtaJlj -j i^aJI x-iZH (j-JI <l aglaJl 

J S. i~i j (O^till u-Aa 3jIjj>. 'Lij.jj) pLijjl 4j*_lLI!I (jjSLlj i^LtaJI (jjs Sj_uSLII 

. 4j^_ua 4j>.jJ) (j^jj-a (j^jL^J (_Il^v (_II ^J ' eaj JLS (J-iLa 
lSjIj-^- l5J>J J-^Lij er^ f3rW J*-^ iSjlj^>JI (jx 4jxjJ-!I ->JJ* (^Sj 
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l^gjuJI ugj&llg 09SJI 

I iii nj . (ja_uJlj (jaj^SJIj jla- i nSj 2 IS 4^_jj ^^iS I j^jj>. 1 j-t-aLt£. ^—11 2[&j*lLa 
a^_lLjJI r-Lajjl jlj a"u nl f-aj i LaLv 4jljIiI (j-o 3JaLU Cj^M-cLjjJ! oJJb JS (jx. 

i ^ul-^.ti ^j^^j II) _) ao_i1$J| /^LaJljI ^. a i njia .^IiSLa^ii£l 3jlj->J1 «L>.j^ *_ajj3 
3 j uiilL .-«lk-»lt j n "i , nj ^jjl^tl r-Lajjl o^ i-^-Jij i (Helium Flash Ajjlfllt 

^—ll^oo* T-LaJtjVI 1 J_A j o j i im^ Lul^ '< < ii * )l i n"r-i Lai i^j>-QJj jqj?e_u1 j-aju 

mJJJI <<s-*_Ltl J 1 c (j-a 2 la >J VI ji'ii" V SjJliJI tfjufc jl VI ij»Lc i_iJf 

t^ a**< I n ) (jl (jS_a_i V *_i-ajj1 1 JLA (jl LaLa_l 7c_L<a1^aj1 (j-aj *(j^ I I nil (j-U^LiJ J JLdJ 

Js jj-ij lS 1 -^' Jl->JI (jJI SjIj^>JI '^>-j^ J L.3J (jl jj-ls 'j a" ' "j V Li>. j-^j 

. La i./j mi CjJL^j jl JU 2 i4ja_(_a «L>-j.3 ja_u-a 350 ^—Jl^o^. i j_iittj 
^LULjj 4-aj*j>. ji-Lj i(«jaJll ( _ ;r L>.l jdl t_jj£^iJI ^jjs j\j o'k iiVI a Jx. i. m i iu£ 
^ jr l\ *i-x-ll\ J Laj (jl J-t-ij O-aigjj dJLtj Jjlj ^j Q I 5jj (<sj jLjyjVI (_j^ 4JL«J. 

i(J-j-a (_gi (j_a pj_<j/l (Jj_«_4j d " I " S i S a ^^.a 'j-^j 'j-*-^' ^JilL**]! 4L>.j_o 

jl _aJ_j . 4iHSJI J a jj mJ JJI ■» U , ,.tl *L>.Li^a SjLjj ^1 I JU» ( _ ;r a u 1 1 ntl tjvjjj 

(jl j£La_U j-a 4_JLa (.ij^-xm jl>. ^1 («j*_Lll <_ila ( _ ;r a i ~ ■ « *"j I 3jlj_>JI *i^>-j-s 

■- 4-t^aJ «Lutj>tj 1 j 1 1 ii i Sj-jJLt-a CjIjL^jijI j_a 4jjI1jlj La (J^L>. j-jSt <^LiS jJLL 
4jJjS (jjs l^>- Sjjji < ^<-»S (<s^*-i-II ■ ' S jj Lajj jl i IjjcoILa La-so jl Nova Lajj 

■ jl j-v J*\ uij I j y aj a La^j j\ Supernova 
iJ Js Betelgeuse *lj^j>JI Jajl j&j>o iQaSJI ^i j-«->JI <Li!Laj<JI j-^il <j-aj 
1 5-uj i >> 3 i i ii 1 600 ^l^itj jjlSj 3.al . no Li^. J-hjj mJJlII lOrion jLj>JI j<ujl<j/ 

«bl d Ar."»- rt CjljHa ^_a ^JLallj 3-Aj mihm Aj'- 5 ^'j-3^ 1 ^ (c_iS_La) Jajl ■- la 1 uj 
(jl LLuaj-a jjj i I 1 1 n a mi >Iaa ^Jli-a 3j-a 350 ^—Jl^a^- Oj laa ?*-Lu ^J-Ji-A fQ^>o Loj>* 
4i i ii " II i_i£ljSJI (_p CjjJejjJ i4_JL>JI (j n n Mill «_iJajji ( _ ;r a (jL^ (0^*-Lll I J-A 

. 4 j , i, q M,| | «Lc j_aj>J, I tjaS_) ^-HJ I 
d i mi ^j\j^L] 5 J_*_] (j-aj t > a ^.1 1 ^y i C Lxgajl •k. ■ . ^.". , ,.«^ ^j ,, ^ ,",11 Lai 
HJ^jj-jIjJLl^JI (jjs LtJla^J i'MI^j" i n" LaJLc^. dlljj i(4_uji (jaoLa <_aVl A i rni-w) 
SLpJI Jj-r" i h~ii ii 0^_aJI I JJt (_^-aj ^'jj 1 ?^' L * a ^l fi^-^" Cr 3 "*• J ' -*"' (jJ L^-iSJj 
. L^jjIjj>*j (j no Mill ^Lj_ua SjuioJ (_pDj ^1 c_tSaS 3^^ 
> a"i 1 11 ) (jl i^ ) g3. jJ^ ijjL^tj t cL>.^a^- j mi 1 1 4ijvj»a ^_a i<s^>o *1j^>JI Jajl (jl 
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tlihjill pljSUIg jjoaJI ft.jUln.gJI 

O-SjJ! (j-o t_!jH2j J-&J i^U ( _ ;T J3LJI (Jjiill oJijJSj (j'j^l d La i ul aj SLpJI ( _ ;r 3 

«UjL^j1 4_u!iL>J1 ^J* a i rQj?e_!j1 t. M* 3 ! ^j ^> 1 2jj ij-$_>Jl ^IJlJLsjlII 4i^.j-a Z™- 5 Lq J if, 

(J^jsILi^ . LLlkjs I jl>. r<s^*-iJI t_JLa ( _ ;r a 3j!j_>J! '^jj-j-s ^-Lu Loju^. JjJ^>- lSJLJ- 1 

>-LtaJLc (-j-JJ Cj^LcLiUjl ^j-a 3 J ^* rt 4-LmLm Jjlj (J^tjj 1 JLA J < a^_u_u_Lc La J 
. L0L4-! (OJcJI JLaiejj ItJaLtaJI T-Lljl lJlSjjj '-^P" ' JyJ-»J1 
: ■ g3. j ■"■ ^jSLi-iB ij-<j_>J1 cLUJLjjlII «LL>.j-a ^LiL^J ^-3 jqj5e_J1 jj LaJ (J_u-aLaJ Lot 

i3 al La II J (O-^l-L!! j^J- ->' ^-°1 cr^- L)- 5 ^ f 1 ^? 1 -^' J* - '-* lSJJ-^' ,_LcLilII (jL^ 
. (QjseJjL) (_^-al_>Jl L_3^Lij1 (J-dJ tyl£- sLojJ^J 4_t^lS 4j>-jJj L»j>.LILo 4-iS 1 i CU_iJtj 
j-^j— 'J-tJ . 2 al LaJI /J-j-cj i_£JJI <c J>jJ3_jJ!» «Lgjj! JijJc-n-ib lj-4 (j-o fai.jJLjj 



White Dwaifs tUfcwJI («l J&2I 

Cj^_$2L3 ^a_u( I , ,,♦ 1 L$J jLlisj JL9J iCj^JLI 4Jj>.j-^ j' <^"-^ v 1 *£ 4«L>.^t_ulJ1 

(j-alZJ! jljij^S i4jjjL>JLl jjLIj JIJj La 4_JS j j_»a. V I (j^LajJI L^jj JLoJ 

)M— ij j g "1 1 11 a J *C i"i _i I JlSLa t(_^al2lJI LalLLo 4_u jL>J! jj| j «" 1 a-l Jj* (2>SLIj 
(_L«-«J (jylll =LuiL>JI jj^j plj_i^5 ( _ ;r 3 ^j a se bj L^lS (O^till ">Lo~ ^ caa (jl .i4jL^J 
Jj^ij LoJ_c£.j 10JJL4-! (jr^Lc (_LaLc ^jJt (jjJI SjjjJJ! Sjill (2rUJ icLi^ijISj (_^Lc 

3_jjIj_>J! ^j-aJI tjLa ij_«->J! 4i!L«jLll =LL>-j_o jjlj 43Lp- 4jL$j ^1 («jc_LI! 
L«_Lu i«LcaiJI ^ i^jjlIs jia 3jlj^>JLi JaLio.^U SjsJ^UI 42LUJ! Lol 
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4_j_L«J! "*• • ' —"j 'LSj'j-^' JaJLUaJI d j <a ffii 4_i£ w ^" l ~*-" (_£JJI JL>JI ^1 -ij-JJ 
. Lu^Jaj d a ' ■"■y" * cUljLBj ^e-j-L^aj /j*^- ,<ij?=Jjl ^alSj-i^ <4_u JLrtJJ 1 m mi^ 1 m mi 

1 UULl (QJSeJjl 7r y <3 1 (jl JULJ m^J^J (^LC LdJ m£2 (JL^S-a i_£jl_L& JUlj fQJ 1 J\ AQ 

J_j_t-aj f, J**" I LaJU£. tajSj^a ^—3 /Qj?e_iJl l^j^j cH"^ 4-LuLJl j-t-aLutU tfpa-LiI 
.j>^!>LjJ, (j-Ij^?l Ol La_3eJJI J-Lo 4-j.iLa -i la « a Qi^-d O^ l5- jl " U^jlJ^-W-" 
, d gl U tl jLjJ^j j^c l_£l3^jj ( _^ia_jj 2l ^j-^Jl 4JL>.j-a ^—Jl /qj5e-lIi J * a I LoJU£.j 
JUj_ij 4-j-l_a-g ^^ (0^*-i-II '^-^ij it— SIS «J>_aJ9j» (j^Lc lSJ-^^ '■*-*i f-' ^^ ^J-JJ 

, p 1 ,^A II ^js j_j j_ii j j" 5H * ^ u uJa II 4Tl3LLs L^_lB * mi i 4_i_ila_ij 4Jj^la 

4^LLJI Jjj~iinj V 4JLa ^sLLaJI jlJjj ^Iz. Ij-sLa jj«j («J («j=JJI o^ b-^HS 

Jgl La 1 (_ 5 pi * mi 2 1 (2>c fQj5E_J1 x_u_4-i ijj^la (j-«j ^ kJLJ J 'L^J-^*^- 1 L-AJ-^iJ i-r"' 
(<tjjlj_>JI 4-«-»I/2l) «Ij_«->JI Cj->«j 4-kjI/I J}^-* 3 ! (jr^ J ""' ' "-'J ' s ^4>^' CiL^-J-U 
pi » mi VI (j-C (_pa_jj j I j»j-2JI i—iSalu lj_o.|j i4jj_JojJI (j\-«-!Li L&lj-i 2 (.^Jl 
.0_u3 Ji^j_ul p i n-fc. Jij^e-a ?c * ' ea j j Lal_4-i -ij-^JJ till]} JU£. dial inn j 5j i ■■ la 
Sirius (B) <LuLajJI t_gj< uJI j-& nJ_a£JI c^ ^ "J£l (<u <_>^a-ui ajJ^ Jj'j 
3_lJL«_lJI t_gj < ui II (ajjo jJ-jj L«-Luj Canis Major j j^Vl <.. Kll 3j£j£ ,j^ 

L-LaJLJ-" ml lil (j-SUj i3jij^J.I (>u«JLi 4_JI iJj-LaJ I Jl »l -a mil ^ Ijij^io 
Binary jj1^>.JJlj_o tj^n-^ll ,j_a LJjSLa LaLIaJ dJLLA (jl j ^laj i "'a tu-lj'C i nl'tl 

(ji^. j-^j ' I 4_uLijJI ;_gj » i"i 1 1 jj» LJLul jlJu 2 1 /ajsJJLa . I ^ -j . ^ » . J^>. o'jj^d 

4_S_j_3j i_£j-J (jl < '* ' a II (j-*J i( il 1 1 till 4JL>-j-a ^—b (_£l <y i iu ijjl *_)LiIlJl ■ laj> 

J_>JI (^1 lSJ-^ '' s ^^-*r!^' t^J « i~' 1 1 r'^-'J' «J-i^a (jV (t_i sLuLijJI (_gj « i"itl) 
^J^- (O^^ dt^L>. pi * Mil m^I d 1 j ' ea 1 ^—LaJLi M^jJI 

j— jJLt-sa g< o se -»■ (j\ /-J] ** i ^Lj-iLs-il m^j ♦ i"i 1 1 £j_ua /"*j A^ uxj-uj ^jxj-jj 

JIjLjJI JjL^JI JaJt-LtaJ I i_ajjJo CiaTi^ iJjLa (JS i"i_i 4j^iJlSLo 4jjLo (jVj Lu mi 

cj Lj jijI<SL!y La . ^jvj^ j-^c. mJ^UJI mJj jdl t_i_i^l!l (jl jl^o i ( _ > ia T ul aj^ (^ 

3j jdl (_p ' " i La « i ia 1 1 j i4jjL*JI I -j'.al La diLjj" i na (j^s r-jj_>JI ( _ ;r Lc OlaCjI Jl^ 
j ' a **' C I JLJSj . ' d-^-tS (jj <<■> j-jO^ /^ i L^jI^j jj-a L^J LJ^fljIiSj I OJjJlal *ju_ijt_] 
(^Jl (OJE-Lll t_^La S^La J^ cJaJLUaJl dlljua isLUa^iJI j»lj^Vl tljlji J^ plj^ 
3jl_o (j_a c-cti H I j" «j*m i nil (jjj U5^d (*-* 0-°-3 'J^' "-^J j' S-^5^ C^ -J 3 " 
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tlihjill pljSUIg joaJI ft.jUln»JI 

(_3 ?r i ( ga I J tj_a_>JI «LiijLajtjl 4Jj>-j_aj * ) 4_uLa_jJ1 ^j * ml I fQ->tj j-a jJLJ 

(OJtLiiJ <jSLal jlS^ lo ^uVl j»j-iU SiSLgJI 3_3£SL1I ^ <j-<iSLj j^JI (jl S3J5L$JI 

i*LUa_j_J1 aIjJs 2l rc^>- (j-a j_aj-al ra^>- /-l\ (j"'a^ i i 21 1 * ) 4_jjLi_jj1 ^j * Mill 

OaJLUaJI (j *> ' "J'^jjlj-^^l SJsLtaJL, SJs^Lc «U (J-ujJ- LLaJLUa (jjjjLaj 4j1s (j2 
< _ 3 _j_J1 J I •>* II 3JL>. (j-a 2 jo i ."ill Cj*L>- jlsj Degeneracy Pressure ^ 1 IVitl 
I iV<" 2 (j-Aj iSjljjlJu 3_aLj£ 3JL>. ^j^ S^LLI (jjSij LajLLc iCjLJji^pSLlV I ^.h-<* 
djju>o ^yjJI a_LSLgJI 3_ali£LII dJLt <. , ; , ,n Ja^a <j£L!j 3_jjIj^>JI SJsLLaJI ^ 

z * i «Lj_j L<j_jJ I ^£j * i"i 1 1 fQ^>o 3jIjj>. «L>.jJ j^pauiifcjl (jLb I JL^J «L»_u_tSj 

V <■ -A2JI . U ; . u jjV 4ibSLi JaLio^VI ^JLc b- 5 ^ JLw L°>^ 'b-^ 4 ^ >LP 

'.(j^laLc .sL>ijl (j-a (^LjJ lC ^i>*^' tJ^ae-^l JgjLua SoJSj . 3jlj_>JI (_^Lc J-a^KJ 

jUJI (_yia .cjLjj^SLJ^U 3j_c«l! cjln.^tlj i»li^ijjtl »lj£SU ajjL^JI SJsli&JI 

(jl (_^i>- SjLcLiILa CjIj jdl JL>.jj-(j no i"itl j^j-a (_^-3 J^J-JJ i_£ ZxJ 1 jLJl!l£-(_£.}L«JI 
4_jj-j^_j i_LIj-j^_ILj /- g a ja_j (j-a J t L^-Lu CjLal i nil (j_a ij-jIiS jJljus] L$_aLStj>.| 

(JLtlll jLiJI (^a Lai .,jjji.Vl i^jIjJJLi I fral . iU.^.V 2-^. r,;< ,U; ,^tl ^jLajj 
jojcjs. p t^ . ^ Jilaj ^pJI CjLJjj^SLIVIj iSjj/jtSLo CjIj jdl (jLa Degenerated Gas 

Llll_Lj& l." i "i J I 3 I J-SL&J ijjii^ <jj^ ' lr ^ <j-^ ** *'^N"" 1 CjIj£[£ J^-p iSj jJI 
^^JJ Lg_i.a-i-Laj jl I j La « i a 1 SJjUe-o 4jI (»jL2j (jt^ C 1 ^ (J-°J <! '-.' '-^-'l-^l-^^- 

.J5I |*». 
LsoLJ (j^ijJ 4JI jjt ijaJ*_Lll j^iaj «l_ijl ( _ ;r 3 (JJbtlll ■ La « i a 1 3_oL$J! a A , ^ 1 1 j 
'"■ « a3jl I o K a ijLiJI olji S^jv ^^ JUiaJ ^,111 4jj|j^>J| 4^LLaJI (jx. 
. Jait.Lta.il ^Ijijj (<SJ <j-«J iSjuiij I j ^U\l~j CjIj jjl 5^jj>. Cj^I Jijl 3jlj_>JI <^>-j.$ 
3_j^v L^J jJzj~LJ> V C^ljslj S-^jL^La ^Ijjdla (Jirellll ^'•■'-~~ SJLa. ^ Lai 

. LxgaAJ L^LeajLxJ a J La t ■*" z ^cj (j-aj 4^j->J1 



i,_jii_Lj2l ^j-SJI (j-3 f^ La T ~l J (_gjl_«JI (_gjjJI C_i_L^J-lJI (jl (_£j-i I JSLtj 
i3_JjL«JI I j* a I U dlLjj" i .i a ,j_a ?-jj^>JI ^ I r ■"• i c,jl JL3 CjLijj^SL!Vl3 
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f" \j a J * ^ ~"* ^ j L^-jIj-i <j-° L$j Li jjj^SLJ I ou^ial Cxjjaj SjjJI (_p i ~ . u j . v> 1 1 j 

(_£j_iJI I j j 3 '-■ LaJi ua II O-ljv i3j_jLa_o jl 4-j.jLljv 3.}Lo /j a i h" CjIj jJI 

aJ_SJI ^^ CjljjJI (_Li p lj_3 j <^~ c I Jl9j . jLiJI (jjaSI i*aj. 3.}LaU Jljij («Jj 
iJJSl jf c^J^ (^Jl^^ (^Jl (a-^J-!l <-. . fo S^Lo J£ I.". inJlS^ diljjj ^j^j;^l 

^j^LJj i«L_aLc «Loj-saj CjLJj)jIi£j 2 1 «Lcj-<_u ^j a a -» u dJJ!i CjJL^j LaJU£.j • Sj-a 
4_cj_<_u ^-^a !jL>- 4jjjJLJI <tj.}L«JI iQ^j-t^j <jjj^tjj-4j^>- j".vVI-l j .'--.» ^ (Jlaj 

. sjjiaJI 
ipljjjJ! SjLo^^ 4xj» T i^>.- ( _jiajj al j»j-i!l (Ji-'-i (jS-CjLjj^jSLIV! -1 la « a (_LtaJJ 
-(j-^-JljJ^^Jl i£$* *-3J-iJJ , d , >. A -» ' rt cL^j^^^j t_£Jj^&Iij ^jl 1 ^^'^ ^ C c^ T u jaJ (J-*J 

» )JL>. i. < 1 i 11 "( 1J t^e-la-mJt ^—Jl ^j^ *VI f^j-^ c ^3^)~^ 4JGSJI jJ-o-CjLj^jJij-aJI 

Cjlj^IxSjVI 0JL& Ajajtjq *_j_a->»j (-J3 iCjLJ^IxSjJ^J d a u ■*- 1 1 ^3-t-Jl Cjlj^j^j-j 

jj-^o J_jj_a jj-* ^J^ .! fO""^ - ^ *— i-a-s (_£J-Jl ^_A ^jiil ^. 1 1 sgj 1 1 - la * ■ ea 1 1 ^jl 

LaLx-i J 5j ' ■■ rt ^JijtlJl JaJt-ua ^jl t!u_o^j .4_u!iL>Jl ^pLj j^LaSjl ^1 4_ajl_a_a 
JJa-j-m «Gjlj^s- Cj-Ua-iie-Jl lil i^pa-uVI AJ-2JI o^ ^dj'j-^' 2alUtl j ^ J - 
Black Jij_<j/i j»j-S (jrJI (J j **" " J ' " J- ^ I ^^- J Cr^-3 '<L»y>- ^j nAJb I la aj 3e a 
aj^*_LII J^ (_La (3^-Ij •(°-? ,J ^-^- J 1 «LUaji]l (^ jLoLi. p 1 ii-v Jj^*-o iDwarf 

.S»l i<-ij; j*'j^' cr^l ^^i* - ^^ c^ J.^-" 

(ojeJJI 5±^ouL^ liLa ioIjuLL V(>j«_o aa. 4J ,Ji=lU! iia » ■ a (jl dili i}L£ 

jljij i( jKji iiljJiJLi/ JLa-i i_aj_«j La J-Aj) (j "a uJI 4]jS jjl^ I , 4 (j-a J-"^' 
^j-a-Lnj jt_La-i ^jl ^J I se "1 ! 1 da_a ua ^3^ » j'^"' 1 ■■" (j-1^ L^ri -3 ' CJ J ^"' ' " * LV 
La-S 4 Ji^j_o I Li-Sj ■*— L-L^aj La-ijj ^JLual JL>. ^-Jl j"i<i\ i 1 ^#3 /aj (j-°J ira^c-LJi 
aj-_^S 4_jL_lj>. /y-^-Ll ^ji J-JJ-) ^J-ii fa^c-iJLs .OjLjjI * iLJl (_£ As^juZj ^Cuu-u 

(J-CS3 aJ ^j^ J^l ^jli ^ jjl a ijIS j 1 iiIjJljLIu ^Lul q ^Ioju ^JjusZ I ^_Lui j J J mil /-SJ flJl /«JLlJ| ( I) 

■ A <\ 1 11I 4_Jl£. ^^ilal AJ ^j-a^ Jl^JI IJui j-JI 
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Jin mM pljSUIg jjaaJI 6JULoaJI 



59 



pl^gjuJI u^AoJIg qjjSJI 




(<j^LJajj) JLl*u!L1aI ojjxla :(29)jSLi 




■ 4jJajJL>- 3j_3e_a :(30) ( _pLtIo 
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Jin mM pljSUIg j«cdl fexUlaaJI 




4_aJaXa )-££■ &y*-& : ( 3 I ) ( JSLtIL 
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^1 olr jj->»-) Jlj-J L° Sj-jHa <= LjJ3^ Sj-aLLs dJLLA 
AJstllLb .j^a_>J1 «GJLjjlI1 cLLvj-a ijr 3 J^JLJ ij\ (jj-* 

3jJL <1jjjJlJ1 4_j£LLiJ1 3j-ALkaJ1 a JLA > o"i i uJ JL9j 
CjLsLLa /q^e—lII *_cuJ I ;gJ A J "^ f "Q**'ll /y£ Cf^- 3 JUM ■ 

3 j< l'q j-frljJa Liajl lilLaJI »Ulr .U^V jlSj 
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. ^ ^ 1^". * rt Cj1j-IL3 /y-^- ' g Lcaj I (-J3 1 JLA (djj i4_uu j se ajj Cj 21 L>J1 -n la * rt 

g I Lga^J I (_3 Lal_4J JjJ-<lllj «L)Ls Lb JJj-JJ_i_aJ 1 

SLajjjjjj^Jlj LbjJJ! iijju>. <. m i » ^Jt L*a 
jl (j.ig Mill 3Jk£ jjls I ,4 4it^oiij lil (o^tlll (jl 'J^ 6-° Listjusjf jl2J 

aI^JS^I 4Jl>-j-o sU^io (jj^Ja (jx. OJ^d (j-^ '«Lii!l ^\ "J J ' "*" (j^ i^LlLs ji^l 
. Lsjjj_>jj-u jl Lbjj jL^iiLi ^Lp- (j j '_' J^S (Jj isLUajuJI 

w I c 2 al U tl £j_a 4ijLA 4_uj^ I i aj I /?J-ijJ ' Lu^_2j Sj^fLo '^•J- i Uir!^- 2000 

(jl J-J 2 L_i_Aj .(—J^jLiJI frl Lga^JI 0l_>»jLj ijQJSeJJl (j_« J-dJ CjUJ)^3^_U /JS. Ml 

jj-b 5_}Ljj ^j^alSaJI I JLA (j£. ^-^J ii>JLo3 La ^^pD^jtjJ ajc ' a 1 1 fd?e_iJl ^"iqN i i 
La (^1-^j.Lia J'C i"m- Lgx. Lajj 1 (^ «-3JLl13 i/oJc-J! u-u3 ^^ Sjlj_>JI 'l^-jJ 

IjlSL&j i4Jjia »_uL-ul mJJ-o ( _ ;r a Sj^fLo ^-j-^ U5r!-'- •— ^^" ' 4jjj/ ^1 ^l^jjI cAj 

?l_b jlj <i"n ill (jLa i3jjfLa '^J-^ Uir!^- 7000 3jlj_>JI 4^>-j^ f-^p LoJU£.j 
^j^l , ,-." rtl ^ j_a 4_u_uSju1 (Jj^tHJl 4_lLi£. f-^J TJU L^J- 1 url l£>- > *^' ' d 1 uLJI 

t 3ji>>m t> null ,,>u^La J!>Li- La^jli (jlII 42LLJI J£ S^Ltl^l 3JjL*jj ^1 

Lal_4J 7tjaj_La Q^JLj ^—5 CjJL^j m^ JjLS 4jjjj>.Liaj J*- 1 ^. i_jj-aj 1 JLA /^Lc c_ ujUjj 

.3jL>- 5Jl_i ' . i Sj 4_j 6j>I 

i4_j^.jL>JI cljLiiC CjLiiLaj Sji^v^il 4j^>JI CjLs^LiJIj ^LcLalll ,_ji3LLa (jl 
, - « I ^ , U ~. \l ,^,""j i3jl_i_>JI =LLj_i jL>. 3j^ j_ljG 0-30 (_Li-! jJ! (^1 )«-3J-lJ 
^^j_a ^1 pLajLJVI «Ljj| i LctmJ I j l a « J )«_a (j^a- i nSjalj a^u^Jlj jj^-jlJ^T^J' 
. SjLt^J! L^jj^ (JSLi SLai (O^a-Lll ^ 4_l2jjJJ SjjjJJI 4^LIaJI jlt->* ^ . (O^a-Lll 

iSj^^Llo 1054 aLc w ' a j 7"^'" ('"* ' *j ■"■) i_,~^ (j * ^' a j 'j, 'j "• j S '"' J**J 

I * C JJLJJJ . ((jLLsj-i-aJI j«_lj_i_u) fC_i_ol (jVl LAjLJI /jj^Lc (jjllajj ij^Iul /7J-J /^-b 

jL»_ij2i1 (jl /^-t-*-) Ij-Aj i4_u^_u3 4_u_u l_S2i I 4 * 1 1 ii (—Jl^tj (jLLaj-i-aJl /«_iJU_u 

3 < j i » (^Jl^tj dili Jj^ iijia. Jj 1 1054 aLc (^ j-o^l 3?jS-o (^s (sly r«J 
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6*jig_p£jJJI phalli 

(jl ju«_i VI tSj-AU 5_ujSLII 3j_aUaJ! ajjt 4jJj » U-.,,.". ..J LliSLJ i^Lc i_aVI 

i (3_jJLiiJI ^ jHo^Li£ i_iJl 300) 4^j|jj>Ji.l 4H£.j i hi JjL^JI jLx-ijVI sjjJa d-^J 

.^jJI 
jj j 13 (_y^ l. i J i ii "" L$_]| i LfljJjJjjjJI 3j_aUa (_y3 l_<-LJe_<JI $.^ jr uA\ (JjlIj 

i.S < i_i (_g j_11 j-ALI w ^ .v.Atl p in->JI dil i iNeutron Star ^j^JJj-uJI ro^=-iJI 
1jJ^L_uj lLILiJI »l olr ^j^** ) £)1 (-^>- aO-i3^21JI AJijlB^ d ^ TV; ' rt cLj^jjIj CjLtia_t_L] 

. Lb JUajVI 

^^JJ (d i t i"i 1 1 (J^LtlLa) (jj^jjjjJI LJJSLfllij (jl (jSLx-i 4jJ>LtJI i_3jjJaJI ^yfl 

i_2j)j-Lb O_>o ^jAJj t(d Lse i"itl t JL_u) ^jjij-iSjIj (d L3e i"itl c_<j>.^_a) ^j^j^j-j 

(_^ii2j ^La i LsjjjjjjjJI 4JL>.j_o ( _ ;r 3 ("S^a-Lll (_£j_l«j (_^jJI 4ljL$]l 4_uj)L>JI (_fjJ3 
iCjIj jJI jjrtj " < -r , J-'¥ lS 1 ^-" '(j! '■""''' J'"*^ Cr^ ^^ p-?-*" Cr^ JLjJ uJI 3j>LU 

i_gjjj . Lp^Lo jjje i .."it <Lu^i». 5^,j i ..I ro^*-iJI <■ ' l°> (_^Ji SiSL^JI (JuSUI pLajJlj 
L^J jJjjj jcj i L$J d ^ i ^y rt jjjGJ L^jIjj jj-* * *j**'^" CjujijIiSj V 1 (jl ^—11 I j_a 

.Sl^ilJ 4J3SUI 
d 1 3e i~i (J.}L*j ^jJl (SljJJI (jS i n" ( _ ;r ll!) cjLjjjjijjJI *_« aLx^JVI (.g-sjjj 
j^l (Jj^tlLJ I j-^-jj . cj LJ^j jij_JlI 4_l>-jJJ 4 it ."ill «_o liLilLuJI cjLJji^jSLIVI 

(JJj-jj-ujI ^LfuJ] (—11 t^Jl (J^LalUl I JLA (jl ^1 « 4 't-r Mill «U^LjLLa Cjuj^j^jj 
(_gj JJ! i_i_pjjlll ^ ,^>.LiLo (ji-iiii ^1 (J^tlll I JUt (jj-^jj •OJ>-^-'V ' *'»~ -v 'J 

J_«^»j ^psLiitJVI I j^jj . (oj^jj^j DlP^! 6-° J^ 6-° OJ^-y O^ ^P~) 
4i£ LJjSLo (jjjjj^jJJI j«^*-iJI I uuj IjvSLaj 'j-i^' 3j>LU (_j-ajiSj (_^i^. 4_uJ)L>JI 

i4jjjJ1 Cjlx.lj-il1 g I dj3> la CjLuuLsiS-j z I i>JWiJ «L»_u_t^ .CjljjijJJ^jj ^ya Luj-jj 
CjljJLa j 1 jS *j '"'■ c (—Jl^^ o i) La£ ^-Ljj tji (j-I! (JjL#Ji f -*-^' f -*-^ o a ^"' ' 

^j-o c- utS - U ^**ioj**ii i nil tJJ-J 1 ^\S itij i4Jul_A 3j)La /jrl^. ^^li^tj 1 JLA f-«J " '^ 5 3 



165 



>Ij>9-ujJI ugj&llg 09SJI 

r- j ' ga 1 1 CjLj^j^_3 (-h^>* * _*"*"' ' ■■" 2t i C" J JLH5r!-'-' C Q -?-'^ c ^ J -^'- >fc ^-^^O^J 
3j)Lc jJJLIj «j_UaJI CjLJ^jj-3 (jl (j-o (0-C.jJLi-4_u j)L»JI ^ i ea 1 3 (j-o Cj]M-32l 
CjLjjjjjjJI «_l4j ^jjjj-u (0-5O (^ SjLijJI =Lu jL>JI 3j>Ljj (jSLJ-4-uj)L>JLi !>LlL9 
(^^j^j^_ujl (Qj5e_L]1 (J^>- CjljlJLa (_3 CjLl^j^jiJl (_cjs_u I Jv£_A J tCj^L92l (j_« 

.«Q^L>. <Libexu d 5 tla (JN mi (_3 

Jal ifk-LlLi «lLsL>. 3Lp» jjlj .aj^cJJI SLp> L$j w gj u j^iJI 3_li_uJI cjVLuJI 

* «j 2 ' ! I ) <y <i i ii 1 La Jj^>-^j Luajj lLlLoJI si glr Jl£j * )a tjj^ 'i < nil (j-O^U. CjjCLol 

i Ljjj JJLjIj 1 1 La-Laj /«Ja-C Ij i La-jejy JJslj 5ilio j-i£l (_^-4 (jr-^' if l-Sa-uJl 
d rin-»J,l aL*j>.2| (j-U (jjLoJ (jl (jSLxjj •Cr J JLH3r!-'-'' f 1 ^?-'-'' 0"° "Mj-^- J-^'J 
. 34-JSLi ^ Lt£ UjLo. SjjJ) *Lul 4iJbi>J.! ,_L^ljJ.I ^ instil! 
I o S ^ Ia-j-mJ <■"< i imI t4j>Li *-»tlj (JJilul Sjujuiu CjljjJl (_£jj Cji <aj i n-w (jl 
LoJ_t£,j . (_£jj>.| CjLcIj.3 Lglx^a-dJ (3-^' -n la I (j-« (j^SHj Lg-il J J_u (Jj *(j-laj Lo 

i5_ujiijJI 3_u J>L>Jlj (JjL^II .U;,-^lt S-st-OJ i/ajtlil jIUll *L"JI jL$JV! iIij^cj 

d_ijj_c ,_£j^>.| Sja i a J 3j)LU j j laJJ . LtjjJLi w <u -»" 4jjjJI CjLclj_iJI (jLa 
(<s_<-u! L^-i-Lc 3 ' ' o' ^"i ^LLa- 1 ^J I j Ai^m i_i-i£ (_gj JU V i LJ <t3jJl_o j^lc 
. L$-La CxldJ (jl » „*"***' ' ■■ > V 4JjL^jI «Q^.j-i_uj g-a LaaJI ^-HjtS t(»1 Jij i nil * la^-Jt) 

(Jlflja ^alSj LcJU^. ^-jji^j^-ujI jqj?e_u1 I iii i ij ij-uS-j ^j n o Mill «UliS (3^-ij ^ J-Ii 
(jl » ^U*.,,,* CjLJj^SDVI (jl 4jvjJJ i4jLii! jji ir-i jUt> (^3 S^UI 5_uiL>JI 
(j^_i JUJ ui tl L-ijLSlli dllij 'p'j-^ I ^ j I . ^ Aj jj| (jjj L^jlj-J 4 S »^\l ^ JJJJ 

ii ijLflUjl 1 JLA (JILa (_3 (J_t-saj>o CjLJjjIiSjVI (jl i4IL)JL>. 4jjJiaj tc-usjjj .CjIj JjI 

4jxjJLi 1 1 Jjx 4_JLc 4_ujla 4Jaii JU£. •» j i ^>" I j".al U ^jlj ^LLsLiJal 4^Uo u^ 
(j^SLj (j-j-II CjLJjjJij-iJJI 3_jjSLo iSljjJI ( _ ;r 3 CjLjjjjj^JI j«_o (_Lc L13IG I gLtai ' 

J->^ ti>-" o'jJ J 5JLa- (^-3 (^Ji^JJ^lUI ^o^UI (jj^J (jl J^bJ,! (j-aj 
200 (^l^jv )«-Lu 4Jljjj (Jj-«-o (jl liliiJI si <ilr ' ^"'*J a i(_L*JLo J'C i"i_i 'A ■ ■■'" 
(JjL^JI (jljjjjl (J Jjlaj . -I . '--. A 1 1 ^3 1 - ,", A", j jjl (jjj i3jU>-I^JI 4_uL\JI ( _ ;r 3 3j_o 

S^liSLIIj ij^jjjjjjJI (OjcJJLj Jajjo (jyill Sj?»U dj 1 imULl«J.I cjVL>JUj 1 1 jut 
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(Jjijo Ljl£ i4j Jagjej (_£ JJI t_ijjJ<JI (_£_aj>JI i_3^L«JIj 1 1 *jj i *->" (jSLfl-i V (jjJI 
. (-jjljj^a-ujl /Qj?e_ij1 ^JN mi ^J-iitlj (jl 1 ulr < ■* * eaJl jj_a 

dJLLill »l glr j i(jj_2JI I jufc (j^j dil m» 1 1 nil (JjIjIj ol m~i nil jj>.IjI j_La 
JuCLut 'J . I g-i-Q»j jj ' eaj «UjL*-aj i4_uj)jj^a-ujl a^eJjI j1jj_u1 ' d '^ (j JjL%_i 
d ^ as La ■ ■■ d 5 ■ La 1 <a itzji i ^ j 3 i La jj_« (j^oSLa ^-jji^j^-ujI (Qj?e_ul (jl »1 <aUI1 
cLoLiJI 4-2-j-La II Lai njjjtll 3j^L-o ^^ 3^Lo (j-a (j^SJu jL-ai 3jLC Lg-^-a-C 
J J LajJ 1 1 fl)jj i eaj (jSLa-i V I j"'al",< 4j>-j JL3 CjIjJLo $^& ZlXC LjJL»£ ^"-Lj (,^-llj 

_> Ll! i_ajj_tA (jjjla (_gl (j^j 3j^L%a jlJuI LjJLi 4Iujl>JI tuSLLAJI cjL-uIjjJI 

. ( I ivA.ua j '"-^ d ♦ w n «Lu L*j j *j "-i- (*^J (_£ ') 10 
(Jlj-oJIj iSjjJJ d g V t<t SI^oj 4_iLS i^-jj^j^o-uJI fQ^7c_(Jl /Jl vJaJu I (jS_4_ij 

Lot iSjLjjuioJl 4_u!iL>J1 j* a i i_iL_uLaIIj ^-jji^j^j-ijl /Qj?c-tji (jl 1 1 j *j i jlo^oJI 

O^*_oj-Jl J-JS j^jjJJj-lJJI (0^a_lJI (jl L*i i3_jj|jjjl SjJULi lLL-uLijj£ SjjJI 
lLLJ]} (jl i lLLAJI J o If \ £Lut 'J .Cjuji^j^jj OtTtt T u I a i4ju^jj)j-) *_« 43ujjHSjl 
' fllifcj jL9j (-jj^j^jj (Q->*j 3-A 4(jLLaj-*_uJl /q_iJU_u i La i ■■j" i (_£ Jul dJsLiJI rc^e_LJl 
(jg iaJI ^jSHs oJL&Li/ (^jdl jLsuiJVI lilta i(I^JjjjjJI) jLjJI jLsiAJVI <j^. 
.4jJ^Lus 1054 aLc ^ »l LaAll <j-o 2 alall I oJLA ^ *LaJUiI! 

2 -i LaJi ;tl Sjjj^IjJI cjIi^ij?!! dJQj iji^l lillAll »Uk j^*j i^JJ! <jSjj 

. ^uj)^j^a_ujl aojseJjI jj_a '■" ' + in (JJI 



Pulsars MMUI |C$aJI 

jl La La 2U, „lj, 1967 ^Lc ^ (t^ljl ml Jl) 3_Uajl_Jt A^tLiJ! C^ui^l 

(jjSLI! ^^ 4j»I i no j^c SjLi^. (jl£ ij_o ^1 ^ 3-lSj. ^^ Ji^>-j Loj • i^j^ lSj^-^'j 

lLLj]} JUlj i.'i i ^ljlj (Q_j i(^_j_3^ a I Lali i I i 4j^j^1j '"*■ LgajJ jJL-ujl ^—5 5 > o" i n a 
ij-JLLo d ri I" -sJ, I diljl i ill ill (_>-a-u (Jj-«-o (jl i.'it i<>jl (^jJI 4j>j^aJI CjLbLijj^'zl 
(j-° j3 ^Ij^s.) j-i- 3 - 5 £jL*-xiVlj j-^a-3 I (j » J 1 > (^ (JL= J J-J.I (jl (0^-J-J 
«LLo (J-S-4J i^jdl JLsJI ^Jl I i La * ' " '"'I ''-^ j ' 'I Ot-i^aJ (jK JLlI .(3_^L\JI 
j^e_i 4-g-aeILa LAjI J_a ( _ ;r ^ L^_iljjJ «Lul (_p3j2l O-il^ I jl LiC ijJVjGjj/VI 
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tjLS-o (j^iAj (-J3 1 ^ , .."si j^ ^iajLJ (0->»j fQ-Al tjL£j * * ^'^ 3jul1j-o jl t^u-xuIuJl 

i LSajyJ i^_*_uJj jjLS fyS-iJ L^jJ! ^jLLaj-ojjl /Q_iJU_u - La - uj (_£ i^^^p^-uJI fQj?E_iJl 

cjJlj>-j L_La (j-«j .3ju>.1jJ1 «Lj_)Lil]1 j_^ 3j-« 30 Jjulxj ^ a j iu ^L^ i^J-Jlj 

•» ' ^**' I L<iS 4 (jla j 2 1 3^^ L5 J- 3 -^ l>^ ' J * ^ ' ^ ** „ A <Ltia_u 4_La j JLuaj l ^ uiiLi 

:(36-J£&) (j-A 

1 <]K'^ *^j* i - 1 1 j^JL^j j^JJI jLiU d 1 * * J 1-4J i4JL>J1 £J_A 4_j_Juj ^1 ^jSL^-jj 
«L»JLj jq_j ii>L>iJ 2i 1 1 J_A ^j-* 3 dJLijij (j-^-4-i tlrt_«_a i>L>»jl (—5 pLt-Ju 4_La j JLua 

. Jj^l i>L>oV1 ^1 (_^>-! 3j-« -i>*Jj 4^3j l)^- 4 ^ ^-^ l£j^' ^-^ e^l H * "'^ 

O-jLS ijjj^l ^u (j£ jjJJjj^-uJI (Qj?c_u1 jj-* ' ** " ' ^ ' *' ' I ' " ' ^ ^**' ' 1 LxJ_t£.j 
i^—C Lc.ua j J_ua-a ^j-a <L«_}La Cji-Lgaj Jul $JJb (J4j*J (jl 4_ul£Lol (Jj^>> ^jj-tla i-LJLLA 

4-Lga-lLi aj_>*j 4_j^Lj <"-* uuSI (jl Jjlj t L^Jcc ^-iitlUI jq_j Jl9 5> S> a 1 1 £j_A (^A-J 
(j^a d_*_]jt <JjL»_j (j! J^ii-" 1 n U (j-«-S • I— ujj?e-4J «LiLbt_a J^pLal ^^^ (_£j^>-l 
i I uaj > (Q-^jJajLJ jj-C- 1 J^>- BjLulj ^JjL-*' ^jj-tSLiuJ (j-J 1 -^' 4_p JJl CjLLjl£j1 jj-uLo^l 

aI i n •vl (j-C I ni m {j\j JLj V djl Ja j * II ^Lj LiiiAJl ^1 olr ^j-Sj! Ij^SLaj 

jqjjeJJI i~\\ * ,s~>\j a ^Ji ^jjtj i4_il_iJj j-jJu-sa I g qjb *^ j i4^LLaJ1 ^j-* ^>rh^ <: '-^- <i ^ 
CjuJUJUL) jjJJjj^jj r^>»-) (_>^ a - u OJ"-^- 1 O' ' ^J ' " '**''' (lA-^- 1 ^ * L*L-4-i /-J J jJ^-uJ I 
i«L>oLLl1 CjLjJU JdLj jl i4^j-La-o (j-« '^i 4^LLaJ1 (J-SHj (jl JUu i(jjjj->J 5j 0" i nil 
L-d-AJ j j i^a a O-Sj Jljl-lA , ^ilLa 3 J-JaJLa d_^L^t_) L^3>Ia Jjlj ^Ljj 4Sa^ui (j-* 

^-jjI ^j £3 ' ' 1 1 CjIjjJ u_)jLSj 4-Jaj LJ I ajj*_u1 jj-* L^-LaLSlJI jq_i /^jJi CjuJljJJIj 
(JILa jjl 4jj3 llLui 2i 1-4_>3J ij^j^p^jj fQ^=-i-I LiilflJl ^.LjJjC. 4-La-ml iflJ L^JLma*. jq_i 
jJjl^cj 5j3l_LaJ1 jj-a (JjLa ^jjJt-a L^jj i4_u Jl_>J1j SjalliSLJI SjUJLifu ajj?e_lJ1 jjJLA 
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. 1 JL>. (JjaJa £yA\l \-<M-t-uJ /jAlUI 

(j-A p kali ' 1 1 ^j a j ' 1 1 1 JJt c <-i-<- uJ Lkj-u_uj2J (_£ i4!L)JL>. 4-pLLQ 4_jjJaj (Jj-£j 
(—S^LjlJI /^-I| JaJI LcaJI 4^>.j-a ^ la - u) a J (J-d-u (j a ■ * 1 1 ^jLj * ^—jji^j^-uJ 1 •qjseJJI 
Ja_tJ IvJ (^ jJ 1 j i ^-j a>J a_jJu 1 («^*-i-I Li ' la j~»- 1 ^£ Jj 1 I Ji^v ' a xo> ! 1 j c-Uj-SJ 1 (^j_>J 1 

^j^JI i_a}LiJl J}Li. L^LajJl «LSl jJjj ^h*JI 4«jjjj ^L^pSLlVI tiut 

ajjcJJI (j-C j J i a * (jjJI /"»! .'^ .'II jl 4j_jj.}IjJI 5j>-j-U dJJj i(jjLjil t_gjUtl 
.(_p3j2l <jj>^ Sjaj^lvJl JU-aljJJ I j La 5j uj i 4_u j|^j^-uJ I 
Cj1jH3 (_£ i«L>.jJL1 5>-^Lta3 4jjj_}1j CjL>.^_4-i <■"*» p «LtiajLUl a^jse-JI 0JLA (jl 

d uiAj (J^>- JJ^-> (_>^a-Jl— (Jl f«j?E_iJl (j! J-« 2 I /*£ L« < sj-£. I (jl 2(j t3.}JL»-<3 4_u_aj 

. 3jL>J^]l 4_uQJl jj-a i_aJI jj-a *0"?" C"^ 5jL>.l^Jl SjjjJl /qIlj JL9j t4_u^_L>. «l£,j-*_uj 

^^^a^Lu-^ f i nil (j^j^Lo jjlj-a iua-i^jIuLju-u ^Jj i L^Jiii S^JlJLi L^-Lca-U f— fl ) q**( i uj 
' a ' '^ * (jl » _*"***' ' '■ > (jJ J-JJU^-J . fiUL^JJl (_£ ^-iZj^Iu Lc (jLcj-<_u ^iaaJcJ I /^ 
A^ sy — (Jl jj-a J_jJ_*Jl 4 L_Ljj-j?E_a ^-JS cjl— J '^ ^ »;! olr JLSoj la . l_AJi^>»j J^c 
jj-a t j-^- <3 - LJ (jJ (°-J 0-^3 ' O ^ .' L>^ '"' ^^ A dh^^ L^jLt-at /jy^Jl d tiajLul 
. LjlXjI l~i o r^-< 4HaLi-a ijJLijt i-^-Jlj La L13JI («^-J ' L&Jfa-J u^C- JV jdaj/Vl 
JLiiJl ^j^- uaa (jjs pjJS (jjSLII (^ Sj-jSil AjSJA! I j_al^IiJl ^j^-«_' JJ-JJ J^S 

Luij Loj ' . 'JT - ** J Vd^ J-* ^-° l)^ d^ ' ^ , ''' < ^-' ' L -^' " * ' ^ ^ * I <J-°J 'u iUII 
ij \ •>" (_j-^3 njjji-l oja iaj Si jt-11 Ji^jij (LsjjjjjjjJI) *j -»■ A*. 1 1 ,33^ ( i _J :: ?-^^ 
■- ■ ' gall 9 tfil Laa-AJl (—5 (3J-4-1 ^ JJl fQj?eJjl £>£■ (Ji5^^ Cr^ LaLgj ( allae-l JU_o^t^ 

LjJ (■''<♦ i" dJJ!i JUlj /j-A jq_j t^jl i ii i^t 1 J-titlLj Lx-d J-^l (jJi ^L^u^^-a 3^L« 
CjL>~^_M rj£_ 1 j" * ^ . U ^_a djjju i M" -^"a t4_itjLilUii d ,^ w" ^ ^ a 4_)aJ^ CjLUa-t-u 
j_aljJa t_ij_c.l (_pL^l_LiJ idt^jJl (jVl (jL>. JUaJ .«LpJl AjjaJjl I g-i « p (.^Jl 

. ^|jj mil t_jj2l!l ...5^L^ Q5^-" 
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?I^9jwJI t-j^AoJIg qjjSJI 




luaJ 



^JjJ^-iill fl-3e_Lll ,j_a C-Uaa (33) 
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fcojgjJ^ajJI p^AjJI 




(jUaj-tjjJI ajJlj_u :(35) ( jSLtIu 
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d^gjuJI u-iji&JIg 09^*" 



^jj^iill j^til 



sbjjjl^jl 3 , ^ j ' t 




wl V*WvJVw/««J >MV =1 



w La ■" ,_,"!! Ojl ) 1,1 4 i mm (_t-^ i4jIjj-Li jJ^jj ^j^j^-JJI /gja- )U Sj^jjIjJI Cjl_Ju_JI :(36) L JSLii 




^iajUl (OJtill ^ C.1U« :(37)JSLi 
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fcojgjJ^ajJI p^AjJI 




j i , .-." a <4_uj_Jo 4_Li_o (j ajLa 15 4-i} L.u_q_i Lie Jl*_u ,_jJ!^ (5 I 28 ,jjj t - (j) <4_Ja_aLiJ! 3>j>J,I I (38) ( _pLtIo 

, eLi i3 <L) oj J I j '"' I i ea i I M Ic 
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(j-bj I (ft 1 oLaJ (j-o JJLjj La j«i.j i(jjSLII ^ S^UI 

.3jLL! (j-a 

Cjj-±£j iSj-SJl rc^>- /^_Jl 3j!i 3l^j Cjj-j^ ^jl j^paj-s 
^ylll n^jLijj^SLiyij SljjJI (>u otal ml,! dJJjJ U-p 
t_jj^lj SljjJI j>j 4al 1.1U ouLSL! 1 L^^Lal ^ jjJj 
4al 1 nU ojl&j . jujj jl lj^i-a 3^j£ 30 3-jIj^s ^jij^SLII 

^JLj>.! JlS^j . S aj > i II 0j_A JU>.( Cja_a_i I ajULc 
ijUjiLl 3_aL«JI 4_l2JJI 4j^JaJiI 3j_uJJ CjLtJSjlU! 
iBlackHoles »ljlj mil 1 -Ij-Sfillj (j a i hj La -SaJJ-J ( _ ;r l£. 
^j"i aN 5j ^j La u J 43^La jL$_u jaj5E_ul Cj^_a_i LaJLuLS 
^j^J^Lx-l jy\ tr>2\ 4-$s>sj>. jj-a jJLt-al ?t ' ' ^3 (__)-£> ljjjj J 
*_aj*jjj th!-"^ (J-^ ^-SLa (^ f lj-ill (j' L?' • < — 'l>il 

.staj-j <LuiL>JI ,_jj^ (Jj<-==j Ijlaj 1 Lg-Laju *_a 3jU! 

L^li-I J dll nj 1 n->Jl 3.3 LS *_La-l Lgjl ^— '<->- '^LjL& SjLj 
l_jl L$jJI cjJGjo L$j| La^.r-jLiJI (_jj| dj^LojVI £y» 
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>Ij>9-ujJI ugj&llg 09SJI 

4 "i I "iS (JS-j i_£jLlA /y^J-i 4 Jsjj-uI I laj ■- * i a 'j Cjj_4-i L«JU£. jqj?e_u1 ^jt I ^~*» 
r-jJej V iJijj-u^I j-J-iill L#JL£_j sljjjj/ SJL^j ^ i u-flJ Ja-iaeJ 4JI Li£ i4-<j/jSiiU 

' d Qj**' 'j Js^_*_u2l j-J-tiJi (j£ JLo-se -b ^4^ jja-u jj-^j-ll C"*"** 

(j-o i_i_£I^SL! I j A^jaJjl a L^ll I (j I f -4-ujtjJ I <LuiL>Jlj (JjL^JI < La « 1 a 1 1 <L»J-ii 

f I 1 1 C cLjL^tj Jj 0^ I xgjLa I JL9 - p I Lga-flll ^-JS ^Ofl-uiJI J ifl i-fl] I dJJj j-«-l (jl 

. I 1 eaj I 3-a.}LJ9 4-Ljjjla Cilji 1 nl jj^Llj "- . ' ' o'^ j-Uab»Jl CjJ9jJI ^^3 (j-u-J iiiiiitl 

«UL>- Jj^_i_u2l ' UOJJ] J l"( * 1 4«L)j)^_ijl ftLjj-Ltijl £i oUt d I I n ituj 



1 fjJUxi Jijj-u 2I U-t-d-ll I ijlll JL>- 2 jt-^-i-J <^r-^' SjUlLi " ■ i5c (_^-l^. t-»-"lj -1 j'j'tj^ 1 

. i d l-\ 1 , , . i i A 1 ylg )JLJ LoS 

Cjl JL<JL«j 4^-tjJ 2 Jijj-u 2I i_JJH]l 4jLjJa ^^ i.\> n (_£JJ1 (^LjJ-loJI j«JIjl1L3 

V silj^JLs ii>jLjT ,j_a ?(J ui tl ^^I^. Q5J Ju 1 in (d^JI x^ljJI l^jjtr JVjUuVLj 

. LtjljT(jjj I i a j'' j ailjJall oJut^jSLtj tSj nMULim jl 'LuiLjJI iii!ji£j ^jj 
4-j-j_oL>. (JLa_o j_ljLj w 1 c »l nUtl j-*j-«j jijj-u^I ' . . v-tl 3JL>. ^^a I . aj lj 

CjLflj (jl .4»jIjjc_i ^ » i"ial j I Mill 1 j sLLa «Ujj_iltl S^LLI dJjJjj/ (ji^.J i5iSL^JI 

I j I j 1 S (j 11 j t 4_u^c 3jij_fl_o 3_tL>. (J_i i3_j^Lo ijLsj i." 1 1 njt tjt j *t I (o^*-Ltt 

,3-C. i't t li 11 »l glr j-^uj .aIj^VIj J!>L>JI (_gli liijj 4jvj ^j-ajJJ (Jjx I j j_«x. 
^j^-> * I /j-lt CjA^LjuLI i>J-A /Q_AJ_iiujJJj tAj li^LjJ Cj 2l^L»_4-l J«_lljjl ^ji^Sjl AUiaj 
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. 9. 1 )* ' "< 1 < *j Sj ! 1 

Cj1j_>JJj ajj5c_J1 ALt>l j-jJJjj ^^^ i4_LuaLjjJ1 Cj2_}IjlL1 »1 qUTI a JLJt-"1 i rn'q 

i L^jjLo L&J^ ' a " i ■■" ^^yliJI 4^.j-coJ1j L^j^-LcLlj" (jjJJL^tJj i^j^JLI CjLc j_$j>JUj 

y-^^e-Tu (jj^\ 4Jjj^IlL1 3-iLtlj il_^jj1jj>. CjL>-jJij L^£.1jjIj L^JK mi! ' ahie^cj 
. Ifljfl n pj L^jLp- J-*^J ((jrJ-u-oJI J^J^-*) JiS-^' l^^' Cr^- f£ * L^L>.!^ ^^ 

J-l-lTljI (2>S-4_) iL^jLjj>. (J^L>. ajj?e_lU *i_ij_>ij (jy^Ji cj^LcLilJlj ^-Alj_IaJl (j-*j 

. £ 1 Jj-i-u LjJ-^J J I <= ^ J JLH3 J r 1 ^ J *5 J>tJ J ' ^ '^- * *-* l3^ ' 7" J ' gaJ 

uuSjj ' d JJ 7?- 1 "- 3 lA-MJ * ^'tP* <: ^i>^ 3 J 4_$j^>. j_A i>j-j-3 pjj ^jl»_j (^Jj! 

«LSjLjjlJ1 <dJL>.^-a *J t /— -uiJ-ljJ 1 3*_jLuJ1 4JL>.^-« L^J^>0 Ct"^** *-^^J-* , - i -'-* (^3^*-"' 

. «QnS uul> ^se-LII * j Lea a .iJL^tlLi lAJjljj . . j-^_>J1 

£)] y jt^**' ' "j V i^jij_iJl-j^j1j->J1 i>j-<j-c ^jL#j (j^l J- 4 ^ Lajuc a^eJJI (j! 

d-t-L^aj ^A-*-° t -^ > * (j~° J"^' <= ^"^ OjiS 1!il '^j-^J * * I (*j-SJ' (JL)L3"* 4-JL>. /'-Lj- 3 

Chandrasekhar jLC_u_oljjuLl jl>. 4_lL. (jJIst *u <jjoj tjKjM.ljjuLl ^JL*J1 
^Jl .j ^ 1 5lu (jl c>y nl * j^** 1 ' "j Xi .(j-u^j_jJ1 4ii^ jJ^ Ij4 ?*— Ljj J-^3 Limit 

i (^j)j_L! 1 -(^j 1 j->J 1 £>j-^J-C 4-jL£J /^-Ji (J '^ i LaJUjC. i/Qj5E_Lll j-j_ua-a j_A Li^ ^jlil 

. S j ISLli-u 1 j jj Lii/ jl>- j j Lrtlu 4HJj£j 

.^sj?c_J1 jL^-y tillJJ i^?c_J1 p^ \ »^U" ,,.j Vj iM-ti^ ^^LxljJI ilaJLtiaJI tJjSLj 

, r \ i'ss All ^^^ 4IlLo fQ_Ia_«_4_) - ^'j^ 
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jL^-lj o' ^^ cr^' JUlLxVl Lsl .2bJ^lj_a 1054 aLc ^ J^-lLl^sJI (jn<UH 
LajULcj ..3_i_j_AjJ1 3_u]}L>J1j (JjL^JI ilaji tiall 4j?e_l1J LalLa-a IjLt^l t^as-LlI 
«La_jj-C ^j-j^I 3jj_ua_j BjLLI j-^iajj idiljjJI ^^^ 4jj)j_iJ1 CjLcIjjiJI w altaeJ 

. Ld-uaj ' Lp i^jJ-J V 4 LJ 4^jJLa j-^ 
*_j_tiajj Cj Lc-l<-u-->J 1 aj>-^Luj i«bj JUl CjLJLjSJI jL^-tJ g. I -Sj-t-ui 1 ' *J 5j 1 1 z^-fl-S 
• 1 c <— JJ-* (J- 12, ' •-^-^ (J-^ U ^ * ^**' * O ' L " k_1 ^-^ * < "- J Lbt-tTuJ 1 - dj se^JJ <— j Lc. 1 j-aJ I 
-g-L-Lga flJ| ao_>»j ^_i A^a 1 La 1 uaj A (C->*-) /—A 9- Ln-u-a-tlu JLcuJ 2 a . a&^e_J1 (CaTu-u-a 

Jla-geJlj £jJ L^_tSJj i«Lu_u (j^ajJLa i_3 2! I 4-ui-aJ- JUlj lJL>. (j-u-a-iuJ 1 Cij-aTn-u 



jJSLfulI 4JjJa JOa jjj i^j-^ 3 UL^rr -0 ^La yyJl^a^. d_La JLvljJl c-tJfc£JJ jTl^-lLLi-uJ 1 

Ljjj J-SjIj 4^lii^ jii^I jjj_u^1 c_<_s!iJL5 . jsj_<_u^1 c_t2ULj (j-uLb V Jjla <J£ 

.Cjlj-a Cj^Lj j^Ijj^j y^j j jj^a_uJ 1 /aj?E_ijl (j-* La^t^- (J^lj ' Llal «-Lgaj| pk*^ 1 J 

aLu> 2l /^-l^. faJLtJl | JLA aLo>xA1 < t-LeaJl , i%£ "• 1 ^j 1 nJ) < ia^-J| ^£ j J p^^" 

L_Aj-ia_3 L-fl^LcaJ «_Lj ^HJI-^ >i uJI LJjLxl 1]}l LuLi i4lLjjJaj OjILlI JL^J 
(jLJS i I g **' uS jj-a ^iiAjt_j jjl tJj^ 1 ;gt-N* Lga l LLaj3j-jILa ftLp L_tiJt 700 ^—IIjjn. 
j ^-%^ ' d Lea I (j ta 1 ^**" LaJLt£.j i L^-t-« ( 3^-^ aj ^' (jr^ J-*^' ^5 JtjLa J^tlu_u 1 ^"* ."■! 
JL>J1 1 JLAj i^^LL^^jl i^yl^. L^-i-« j LLa * j jjJ tjfl^caJl ^Ls ^-*-° , - ij> * cr^l <J " ° ""' 
jj_j_il/ j j LtLiI/ j La a L-d-ua-i L^-ti£ Jjilsi (^JlII 4JjLl1Lj «LlII Jj_uajJ1 (j£L$J 



78 



2 i i.iftLi jl_ui,jjLLiu jiaja ■ iu^aj t-il iM-fcj I-UJ3 I jlj . Schwarzschild Radius 
A J ' a^taj (jlSJ Js^j_ut ' -^" ^—Jl t^ysjz] C^j^j>o jj-^JjT-"i i nil (_paj-(iJL]-«L)t 

c-i-SIjj S> TL^ iji^-i-ol I lSj Ijul ?c ■ ' ea i jjJ j^pDj^l c_ii^i dA-^9 >j14j1Llu ,89 

JU>.) r-j_>J1 j La 5 II L-d-Lga-1 ^j-* J -3 ' f Q -? - '^' J L-Axtaj 7c-4-i*aJ L«JU£,j 

^^_aj] pl^_jl y _L«3J > . /^i^. 5) Laj ' ■■ 1 1 (_& 4_u!iL>J1 t^^ 7t_u-aj ' ( J u '"■jj' a u> 



2 ,_p3 <jjj ui] t - 2 — 1 1 1j ~ i \_y a ■"■■ j t-^ ' a '-^ ■ (*) 

.(3_jjIsL>Ji 3_ui ^Jua j-l*j ^JJI) 3_uIsL>Ji CLuHl - r- c^p- 

.2LJUJI ^Ul £1^ = ^ 

, (^JLa j-L£ ' flJl 300) 4jjIjJI ijr 3 *j_JaJI icj_tu = ^^jlo fjjj 

: JLl^ (j-u-^-jJI LJjLi.1 IjLa 

, ^ . 30- II- 

.^Xq ^L£ 3 (j^J^ = I0x2x 10x6,7x2 

(810 x 3) 

jL£ LJlJl 700 (jrJ'>=»- (j^' I fej La^ I fl-L^j) J^La ^L£ 3 (_yJI>=»- (J-u-4-^JI ^j LaJl I fl-L^J 7e-H^3l Ij] 4Jl^ 

-CjLalj^s- jIj^LIL) ^u^a-tToJI dJu^ L-Llcu--^. ^JjLaJLI <sjui (^^ 

£ 30 

. I>1^> 30 L^aUl^ t>_ul ^j ^i ( 10x2) 

. (ciajIj f<^j) 3jJIj /{*'>->- 10x6,7- (r) 5-<^ '■^p- 
. <LjIj / jj-cjj-<-i-u 10x3 = ((_p=> jj^) 4-<^_g 
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>Ij>9-ujJI ujiijjlg ojSJI 

•x i <<■>! (jl JUlj 4m£J)^_j J-cLij m£2 jJL^-a lLILlA Jju ajj 4 LujJij d ^ . ^\1" ^ 

.4J_lj_ijI j-t-aLutU t _^Ja_ul 1 i ii* 1 /Qj5=-iJi 
( _ ;r 3 3j_o~2l *j La -- II (jJb f.\ 1^1x11 aIjJJ^I (jl (^ 4i 'I Hi (j-a i-l!LLa> jjjijJj 
(jl J_>»j '^j^ J H f^j-^ i-j-^ 4JL-11 1 11 tl Jaj ' ea 1 1 L_3^jJib O_>oj . (— *u?e_ijl jjU"tl 

,j_a r-jj-JJI fj\c '"• t~j' ^jls oLJjj-lSLlVLa , ^ U ->~ j ^^IjiJI (_gjjdl <_ijiij_UI 
L^jLJ^pSLII ouj-ia! Oiortj Sjjdl Jib 1 ~ . u j ■ >. 1 1 j 44jjIjl1I I j"al u tijLjj" , t ,a 

j-£->- (j£ '^Jj^'l ^J 1 -^' L^jl <1J I ii-v OujLSjj SjjJI f lj-3 (_j^ll2jj 4UiJjljJ (j-O 

3_a 1 1 I JUlj (Q-Ij 4 L^_lSj-j>- «Ljj-j>. (j_a !>r!-^ 4J4JL2J L#JI «L>.j jj 4(_4i_ui£ J)j (X 
.4jjL«JI LgilL*. (jjj i^jljjJI Oul£ LoJLk: 43UJI .-.I'aj .^" 
t il 1 11 ) d "„ *— 1 'j (J-* fiLLa£ i_dl_LA (JJ-^-s ^j^J * * I (^>-^ CJJ^-* cJri-^9 

<_a^L«JI j^>-jj t-jjj-iJI (_gjL«J! »LLaJL!l I jjt <j}3^_9 'j-" 1 ,9-^p SjLo ^l^* «_Lu 

.jojcJJI i_ij^jj (j <i ua (_, ii p 1, 1 (j^JvjijJ-L^J! (j-a (jJ-^-U (_£j->JI 
jjjj 4-uj)L>J! (jV IjJajj i(_pajj| LajJS ■» j 1 eajj (OJc-LJI J^-y LaJ-c£. (jS>Jj 
^ 4_LjL^JI 4jj jUJI (Jjjj (jf JL>J .3 . t . ^ 1 1 3jU,| ^^ j^p La^ jLiJI ^JLc 

4(J_o_4j/I ijJ\ (_gj^>JI <_a^L«JI (^^ 4jL1jjj>.j j^»J' *— ■ 'Ij-s ^ '*'" c'^s. ftj-^' 

. jLLal 4j^Ij (j£. 4jli VL>J! (_^a-»J (^ I gS 1 1 ■■ JjJj V cLflgla ( _ ;r 3 Li&LjI 4_kLg. I ■ *•-» 

' a_o! i(jJ3-j / J2l aJ_HJI /jJaJLj (_gJJ! (_ ;r *j*-iJ! 1 a^MJLlI \jJt (jjS>J (jl (jSLx-ij 

(JN mi j j , ^4 "n ^jl jl>.( » ^'^**' ' " I Vj 4(_paj3U M^^t)_>JI L_S^Lij1 (j_a 3j-a (j^_tl_a 
4_jl 4^>.jjJ ' a j " 1? jLc. LxJjj SJjLij/ 3JL>. (^ (j .nl a j*» 44J3iiiSL!l 4>JL^J jLc. 

j-i^sI—LkJI (j_o ^-ujIIj I JL>. 4j-lS-l1I 4jjI h i ntl aIjj>.2I (jJ3 iJljJLaj La (jl 
5j j iS Uaji iX (. 1 1 mi a! i n^. 2l i>JL^J 4_^jL>JI Ol S daj I (jjj (jl 3-A 44Jj_42lll1 

LoLa ^LoLc LJ j I j ~ <* I ^^ (Jj-j_j (jl c-4ja-j LLdij .5_lL».IjJI I j S U I * " (jlr 

I JU>. JjL»_1j (jl (j-SL^-l V ' La * liaJu 3 jLLI cLajLiLa (jl '.iijJL^-j ( ,1 La jj * ^-4" ' t 
4-j-igiJLjLgJI J)L«_l3U 'I— 4J-«-o lj)JJU>- » ■'--_' (_LaL»JI I JL&J 40JJLJ jL^-cJ (<SJ LLl«-o 

jLi^Jl ilijo. dilj ,j£. LaijLtjl v^jjIj I jla 43jjLJI 4jjI o mil a!j^>-}L! 3JSUJ.I 

•4>^ 
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(_£jji]l ajL2jj i4jj^jJil SljJjLi ■ La j — i CjLJjj^SLJVI (j-o CjLcjjij*-o *JsIjJI (_y^ 
(jl£ I jl 3jjL>J.I CjljjJI (jJJ I j La « i a 1 SJjLtA 4j| SjJuM «lj-^-l (l£J S-Jjs-j-U 
. L^lali^^ IjjJlj 5 . t . -^ 1 1 ^|jj,| ^yic ,Uj;,^ll (_ , , , „* V | jjj iLoLc JaJL^aJI 
ljl_3 iCjIjJJI (_3^Iii~Li ^jl^l ' abjej lOJjL&jj V ljL>. 3_ojLiLo JSLI (j? j-lC. 

SjoJjJI Sjjdl oLjjj^SLII cJi-l ju ju>JI I jut Sjjdl (jic *Jsl_jJI 2 Lual\ jjL^j 
( _ ;r i (_pa_i-jS Ijujui 1 1 ii jS Cjljjdl (j nj^" IjlSL&j i(_^i.j(l Cjljjdl 3" 2 - 1 c - ^ 

. (Jj-aj (J-«u- «L9j£ f-^$ 9- ^ J 
(JJ-SLj V i(_£j^>.| Sj!i <_ 2jj>. La SjjJ 4jljL1II CjLJj^jSDVI (Jj-^-J LaJ_t£,j 

2_a_UaJJ 5_LL2JI jljll ( _ ;r L. 4jjL«JI .iljll *u-ul iSjLjLiLaJI *d£. ^ jiLajJ 

. L^-tlc *JsljJI JaJLUaJI Jljj J-J£. .SjJLxJ.1 j^c. jl mi~'iVI iJ l\ Jj-4j (jjJIj 

(jl j-j-c. i jl_i_II (j^s Lc^j j^j-II 5-aJL-u 4^aj- ...I U SjUI jLil^.1 (jSLx-i diljdj 

j ^c M La-a-4Jl jl i Lil lajJlil i^ljUJI Loiiax 4 j iiij V jLiJI (jjo fjill I j-4> 

j! L»£ t 31j<ut| 2L>.jAll 3jl<^tl 3jUI ,jji Lc_jj «i ; . *:._-. U;.-^ It 2_JUJI "CLlLUs 

i_x-l£j-IJI (j-C lj-fl^ ' a I J scJ SjLii! 4jjjJJI SJLjJI ojlgj (jl-^l J-ll t_ij^lll 

iZjLIjJ^J! jl i^jIj jJI (jjs 3x.jaj*j5 JiUj V L$j I di! j . 4j jL«JI i2jIjL«1! Ly l&-\ jJ! 

(-^ 4Sj->J1 4jljj-*_u 4jj!i I )l la ■"■ £jja -n laj ' rt J-^ l^^* tJ3^ lJ^ ' d ' a ^ '' 
i £J ( iiL^j (jl I o S"<l jj Lcga-jl ^^/ > (jl t. i je jij . 1 Jl>- j j < a se rt (jj (X (JL»_a 
Jjj. Lgjljl ma ^ iZjU^pSLJVI 4^J>J *J»JJJ >* 3jjUI S_lLqJ! a\ m3.VI 
(^jj-lSDVI «j->JI (jlr Lj/Lj/I 4^jjt i .it, I S^UI Sjjj-o ' ^aj"" L*i!jl^-3ljJjl 

CjljjJI (Jj.lj 4_oj_<j/j_1I Lfljljl i ii a (j£, CjLjjjjSLIVI aJJb ^rP D^ 3 *^ 
L^l£j-3. 2 al La j da a " -- i '('Lii djj^tlj (jl£Lo A^J <»J-C i. -u i hi) 4j .^>^'t I 
JLiJI) ^lu\ <iAc- (jiLaJ l£J-M jl-«-" <j-° a d JL ? t " P>^' '-*-* '■■'.' '"" Cr^' oAJ 

jLLlI Ja » ''^ (jl (j-oj-^a jiLjjJl (^JLLajyi joJUJI c>m! jlsj ^(^Jjj^SLiyi 
(j^o j-c^l Jjjl^j 3_a£SL!l »_a jIjJj-S.^jjSUI S^LLI .U; .•*. ^lllLj-j^Jj^jSLIVI 

(Jjl J-Aj '-^^ *— ^J> J> - a J-*" I J i>l_Ua_LjJI aIj^ ^1 jj\j (j^sj .3_j^1jlII CjljLiJI 
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* (J_U_$_4lJ 1 Alj£ JOS (^ J L-uTlJ J L£jl3 4IlLO Lo 1 4 (J-U^J-iloJ 1 («^E^>- 

d-ti^. tjj^ Lj-4-^ t^i 1— <-jT (jj^>* 44^liiSL11 jujLii C*-^) 4_uLft_jJ1 ^£j* Mitl (q-^-jj 

Jj^jJl ^^ ?J-JJJ * -i>9j er^. c£>*sej Jjlj *J 4jV til! !ij 42LUJ1 JLiJjJ ^ 
* j**' ^**' i ^JLsLLa I g j 9 *_tTuJ 4 j^ftTn-ui, 1 JUj-jUJI jj-o d tj J <: '-r3^ a ^Jjk.j-a £—11 
(j\_J^^-J Cl(_a1j d_LsL>. 3L_lj>* J-*j Cjj_4_ij 4LuL^j -ij-JJ f£ r \ L*a-flJI ^^^ JUJLtfo 

..fQ^?E_iJl *1j-j>.l UuSLflJ C-t-U-t-uJ 44_u]iL>Jl (^^ajlj '"■i^> 1 * <d_]j)j_Ll1 4j^LcLflj 
1 g .xic J) JL9 Lal_4-i fQ^E-ul 4-iLgJ /-xsu 4<3_ujJlI1 4jjL^t_ijz1 5)9) J i *a 1 1 4>JLAj 
C?~^ tl>^ i C^*J^~^' ^ '^ ^' Ct^ O-iilajl i^^i-Il S^LLI (2>^-Jj • ( L^jJj-Jj-oill) fft-i-ul 
(Ji^l^ t>J_A ^jJLsJI S^Lcl (jl • ^^^ J- Jk -P ^J^ 1 *-* Ct^ ^j S sell 1 -ij-*3 (Jj Jj'il ^1 
L 2^1\ 3^U1 jl diJ!i 4 Cr (Lj£L11 l_Aj-^Iax_i 4_uj_A^/1 (_^ ^L^ ^U^. i^_LL«_a 3j^?c_a 
. 4-j-L^a 2 1 5j_>J, 1 c_<_lSjj (j --^ > 4 «L^_lS_>J 1 j_fl L^J (J-41J-J L^jj^jj-1-uJ 1 LAvx&jJ 

ij\j Lo jLlc) SjjJLI ijr 5 3_cjj_L1 SjULI f^J jj- JjulJ 4_oj_L«J1 ^_uj£LJ1 3j-Al_liaJ1 

Aj^?e_LJ1 i La a 1 J IjlSLa . SjLjJj aj_>o ^j-jj-SJLl Julj ( aloJu ^qj ^Jlllj 4(ajj*_J1 
jLjlJI jj-* 2b^JLl SjULI ' kgulu (Jiaj 4 4j1 JjJI ^^^ L^Jj^SIj Jjlj jjy^- ' ^j se ^**' 1 1 
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: 1 o iti ^jULuLgJ (jLlJL^ A-±^ J-ujUj 4(^\_ALr»o1 (_£J> (J->L& jLu ^ La i ul aj t djwdi 



. Jq.Z-3 3j)LU ' **l~~ (_;^lJ! (jjagjjl AJ-ZJI 5JL>- - 

I *jj i -*j V VLaii? <_a ji2j (j-Aj i jljjiil 4£j)\l jjjt jj^ll La^jj-ij i nt I 3JL>. - 

L^- fi * rt cl)"-^ * Lflfl_l>Ja_u±j! jLst_ajl ^Lul CjJL^j La (Q-$-3 aJuu 1j-LaJ 
I qjuuc fi x Ml jj Laid ^ j * j ' La 4j^_uj 3j-uJJ «Lu^£Jl Sj-ALLaJl 0JL& Q3J .'**'* ' 
' *"' * dj • *-^>? J' O^J 1 "Ij^Li" J^>-) (j "1 "iM 4Jt£ (j-o I ,4 ^1 4ibi Jj-oj 
(OJc-iJI « u i 1 3 » lLj » i a '_' LaJUC (_^jL1j i Lfl jjjjjjjJ I jLa-iil (jLi LiilaJl »l <ilr 
4_i£ 3_aL^SL!l J i -■»"'» (jiLcSLiVI i. i 1 1 hi i(aj£j^a jl) 4j»^irj i"itl 4l>.j_o ( _ ;r 3 J-&J 
j La-j i ■■" (_^a_LLlII 3j>Ljj_a3 i(j ii n i"ill i.iU <t3lii JlLo 3j_a (j^jlo ^l^jv ^jl\ 
i(«Lj_jLj j m£ j-jl^^) *jj ' ^" (jA- 4-1 L>*3 C"^ ' J J * j J i( SJL>JI ^_§j^ 

Ii La "'j . jl»-VI jLj^jVI (JjJS djlr (jL^ Lx-« CjljJil (j-U^Lo I a!iSj j^j-ll i_Lt^=J 

3jL^_LLI 3j>LU (jLa iiiLI j ,j_o j-£V ^LiSIjVI (^Lc (o^tll! j^j-° *j ^ f ^ 

^£i 3_jLc. JqjL>. J'C i"i /j I c 4_ajl_2-AJ i LaJ^J i(Ji.l Jill ^1 I aLaL> JSLij 
^j.0 2 al La II jj^tjj 4liaLcaJ! S^Liil 4^>-Liil 2 ^ i ,^,tl aJJt (j-°-3 ^ - ' ' 
4_LlSLI 3_£j_4js r-jl_>JI j^JI I j fljj La JLJtjj d j ^ I i La i a I '^■J- JF-^J »u^lall 

,_jiajtj (ji «L>-jjd i Lc jj_o r-jLiJI ^1 jL*-iiV! I jut oj^i o' u^-*il Cyj 

pjj_LI jLa-i-iVI I JUt ( _ ;r 3 w fllj-lj L-ijJia-Ja I La J^ ( _ ;r j» (<s^*-iJI 3j)Lo i."i i u-tlj 
CjVLsjj OJ^ O^tP*^'' (j-° J^A^ Cr^J dj i njULLiLa CjVL« i i II ' j a i ( _ ;r C.LLaJI 
4jLsfcjuiJ| /_^ 4jjLA 4-i-ui-iLaLutjQ <Li-LaL«S >^!LuiJi3 ajc-IjI L^j l_3 JUxj 1 1 JL>* 4j^S 
3j_uil j x aj II f«^*-iJ' 0^-° CJ^ -^W- 5 5jL=-^I J-4 (JIaJJ • 3j> J-all! 4jjL«JI 
CjL>-jJ\1j (j-u^i g< ♦ Mil JILa 4_u_u_iLaLLi_sj)j»$S 4^LLa pi ♦ ml /^ J i"i ' "" L<JJ iclij^La 
. ^jLLaj-i-oJl /«_iJU_u ^—5 CjJL>. iji£ ^1 iLaL>* d ♦ Mil J cLj^jJjIjJI 
S Laj-ij^in i n II CjjJU>. Jjlj ' tU-fSJl jqj5e_lJ1 «' oaj» CjJL^j ^JJI Lo ^^-1^ 
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ro->*-0 <]N mi ty\£- (j^-lj ' ^ft3*aj| ,_3 ^ o" i ii i «< lIaJI)) (jl_j tiAlaJl »l olr ) ^"* i 
w a " se J j CjljjJI ,_jjLSj j«j>.^IlJj i<1jjjJJI CjLc.Ij.oJI jL#JJ Cj-o- (c"-',!^.^ 
Cil Lse i"i II CjI j CjL)JjJJ^_j_LJ1 ^j_*_o /--ajJ 2ij t4_L^^^JL1^ cLjL_aJ1 Cil lae Mill 

(5_JI mil cj! ?t uiJI cjIj) cijLJjijJLSLiyi r-LojLil (j^° oJj£i (_pJI ^SJjljOil 

.jJ1_LjL^JI s\_ujL>Jlj i Ui . V»ll i. , j i „\ (c\_^>.jJJ ol 't-r i"ill Cjli) Cj Ljjj jlj-J I J 
(_^ 3jj-ll 3lj-i »Li-l.} 3jij^>.j_LI i4_jjj2l Cil oj i n->JI dJJj ( _ ;r fl> Cj LJjjj^-uJ I j 

.CjLJjjjj-lII x_a 4j^L«JI JI^jvVI 
■ -I i^aAJI (j^s 3^JaJL9(j^ajJ-i^aj4Jl 1 1969 aLc <_,J3 liliill »Ulr JiuvV jLSj 

i4_U^_u3 «t_u_u 7000 (—jl^^SJ Lie JJLJJJ ((jLLiJ^-uJl fQ_lJU_o) fft_i_ul I jj'^ (3^3-* 

i.~i i j i" L#jl •» Laajlj (jLtalj SjLulj L&jjj/jJlS iSjuiJI sLiJLi 4j^j^Ij CjLUijj 
/«_}J_j_u (jlj t4-j m_iial * * rt ^J j 5 3> (_3 4_LiLfl> 4_Cj_*_uj J aj *" CjljjijIxSJI jjx. 
jLa-i-iVI jLjtjji (jl Jjlj i Li! (j-Sj (_gJJI j la 1 1 1 j-fl> (j^l "'j- 1 ^*-* (jLLij_<jJI 
(j-ijjJJj-lj («->>J i4_Ua_ol_«JI 4_ujSLII dlj'C i"i"tl aJJt i_-ila ( _ ;r 3j m_jjm^3 4 » i n"n 
(-JJjj^jj (Qpo (Jjl I JLA (jLSj i/Lt-a 2I j«j?E_(jl jj-o fj-^P "-* 9-^ (J*^ "-^J J J* '^ 
OjJLjv (j^jJI (LsjjjjjjJI) 4-ujSLII 4jjI£LII aJJb ^ j g ffil JJ-JJJ . 4.31 uuSI (<ilj 

(_gi (^jSLII pLuJuVI (j^s '/. 10 ^j-Il^s- I— LJ ajl2j L#j| (^ hjLLjjJI (<uJL<ji (^ 

. LaL>- SUt^if Mjl iiLJUJI 4JJLkJI 
4JJL1 t (2 1 a ulSLj ■■■'!) w ^l i'^tl j-«-UI L4J sii (jlII tljLjiljjJI Oul^j 

«:J_U3 SJlJVJ 370 4 J ''PJ^ll 3j-S^-!' (.^-IJ J '^.' Lo— <-J-J 'LJI (j^-p "^rP" ^J" **i 

3jU>.j 100 1 < 1 1 '< j a .(jUaj-ijJI (<uJljj/ (j-o i«_ijJkl j^-LI (j-3 4_ulilJI ^^ ((jjj^a) 
I j^'^ (3^^ (j-^U ^ I ' "I ' nil Slj-ll ^j^*-* (j-* 5jl>.j 35 j t^ no Mill jj-* UL5^3^ 

jJl^J 4-^1 I 11a Lt£. JL»_U ^-HJlj i(d Mina /JjLlo /qJljlJI T'^JLjS <■ i I n-w 3 I A jCJ-ul 

4JJJ* (j,!^- («-><-i J 7" ^ '_' liLL-JLp'LlII ^p-J (j-^" 1 — 3_J>»il J-i^- (j- (J'j^ ^J 
(_Jjd 7cj>.Ij_!I i^lj-I' (jl ^pjlj- cr^- i '-? ,J JHW- 1 ' <j-° J^*"' c^ - '- a -^h 1 ' 'A5-Lh , J J - u 
lij j_>,j ( _ ;r lll SjL^JJI (JSLi/ ( _ ;r a ^jjj )«-IaLS (J-oLc Jp-jj 4JI j-fli iiiiiill »l <i\c 

I , 4 Mgj^a- 1. 1 II (CJSjJI liilij SLbSLII L^jl icGjjj S^jjJo JljJjo (jJI lJ^JjJ (0-=^J-I 
(jl (j^-4-i 4jjJaJjl 4_p-l_Lll (j-c^-. (jK j 1 nlj JLJLii JU>. (_gl) (j no i"itl 4ij^ jjl^ 
ijLSLu_u1j JJLi JL>. jj-a (J^l f«-3e-lj| «UIiS C^jIS 1 jl t L^jjj-j^j-o jL^_ojI CjJL»_i 
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,y> (<ii.jj i/ajtlll 3_u jL>J (JjL^JI f-LijjVI (jla ju>JI I jut <j^. i^j^lj I il Lol 

. I ju>. I Laj i o-i S^LU ^^ (J3^Lj *— ' " J-* 15^ ' Cr^ £ ^- i ^W *J^ JtH^ tj' 
^_3 ^-IjsJj s.a_Lgaj| CjI_j^j^3 (Jjl^sj i ^j ^ 1 fljj rQ^=-i-J «U-iL$Jl 4_u!iL>J1 (j5Jj 
, U ^ a j . 4-j-3L>. 4_i_iLajj/ <Ulj LaS L^jljj^ ^^.3 j g*i i iUJ ijOJc-JI J^>- CjljljLo 
i( JJj LJu j j uLtlu ^>*) (-r^LstHJl J ^ ' a_L^aj 4fQj?E_ij1 j Ia3 ' gLLtaJ *-Lu LoJUX. 
Cj^L3 2(1 ^j rt--> U , ,. II (_Lc I ) ^j 1 c Jj 1 La u /yItJt-4-j ia-LgaJI Cju^j^aJI (jSLalu 
(jl Jjlj (jSLtj .(^j-ll Q5SJ1 (^>C- p 1 ^""^ (jl lJ -V C"^*" s *^ a J ^j"' 1 "^ (_, ri p 3 

(j-<3 (_£j»J>.l CjLj^J^JS «L]I (jA_<3_ILj « 4(-_l!}L^S_lj1 ^.LaJLH ' d_L*3J /Qj3e_jl jLi^S_l 

jLi^Jl (j-o (jJ\-*-i La Lijo (jLi niHill si nlr (j-u -*5LcuJI \l ^"^ Vlj .cj^LsVI 

jLj^jVI (jV 1 lj^>- (_3-SlaJLa- JLa I ajj I sLjj-ii <tjjJaj oJjJj (_£JJI-(JjL» ^ jL>o 

(j-uljJjJI JU>-I J-A (l_! J->JI j^J-O «L><jl ^^ lUj* , ,,lt 3^m (J-LO (_gl) (^iLrtill 

. (j^SLJI 4_iSLui£Llo ( _ ;r a Ij-^j^ 'jJ- 5 '-.''L'J 'Lj-'-uLu^l 4_oLj_LiLll 

I ,4 (j-o jiiliLj (j 11^ i"ill 4jj£ (jx. JJJJ i(_^ai2HLI («^*-i-!l I J-& *Lt£ (jl LtLLij 

. Jsjj-uI ' 1 SjS . . 4jLo* 4_iL$j (—1! *sj3e_J1 jjj-t-a^j (jL$IL>.1 1 i ] I ' ^ a i3j-a 

Event Horizon *J*aJI £rfl 

IjJLl J laj 1 ■■ 4JI jJUjj iiiilil! si <ilr J-J^=J *l jjj-uJI ^— i^-2ilil jjj Jlj La 
Js^_i_u2l ' lS-JI (jl . (j^SJl jlj-i_ul ^j 0^ ' ^4^ * * ^La-iLoJI dll^ i i nil (j_a (Jj^Ls JJjlI 
(-^ fiLxS-LoJl j AtflJaJI * ) J-£-i (J-* > p * > ' g ' t^a-AJI ^—5 (^J-*-* ^jl <i ( " «j-i3» 

iSjj^UI SJASJItijIjluJI J>L». VI SjjIL! 3j-aLtaJI oJuk^jiSLu/oJj.iiKtjjSLII 
(_pil S-xjJ SjLil AjSLLaJl cjLcjjJajJLl ji^I (j-o j-^= L>J I o^jJI (^ c^a&xLal L^-iSLIj 

.diiill si <i\c (jjj 

joJLc L^j 1 1 m jlS (jLs i»l^j 1 11 II 1 -ij 5-i II 3j£La (jl j^^/l <ilu> (jr^j 
jjocI jula . 1798 aLc (^ Pierre Laplace ,jjj^LiV j^u ^ ...'ij-aJI CjLlUsLjjJI 
J) se 1 11 z «L_j_j!iL>JI 4jj_Laj a! JL^-**t i iiuj i«La_i£Jjl CjLuj->JI (j-o ^1 j 1 n pfl^caJI 
•» j '^j 1 ■■ 4JLa 1 LLl«-o I JU>. 4aJjSj 4H£LiS (j^ i_L p 1 ii-v JU>-J lil 4JLi (JLa (j3j-u 
i_3^Llo^l /«j2,j-jj . 4-stIa-uj (j-o Cj^LS 2 1 (j_a pfl^caJI (r^>- (j^-4^- 5 (j-^J i iJ~ i J^ 3 J^^" 
(ji VI General Relativity (j-0_Ju_bV 4xL«JI 3jj mill <bj-LaJ (j^. (j^^LiV «ljl 
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pIjjJjujJI u-ig&jLJIg 09SJI 

^\ «L>*L_u^3 iji^j-u^l < i Sj 1 1 (jLj lLLLoJI si oUI ?c_u3j jJLJj . <L^j 1 iii**( a *ullujl 
j<ua_>JI Jj£ J < i"i"i V J>lj_tl oJ_fl> <jSLIj . \jfu'ni e i (j-o rj^J (j' <-— » L=»-_3-t f <j-° 

SjL^lL! jljjJJ <LuJ)L&l!l Sjill (jl 7r r^l^JI ,jji 4l«Jj . jijjji^/! t_iL2l!l Ji-lj> 

(_Li-lj> Sj^jjcJJI 3j>LU olio ULLj ojjj/^/l i_Jjlll »l uul ^1 cj.}| ^pJI (^^a 

^j^. LSJLLa^ jjJj ,jla i(jjj^Vl i_Jii!l 2LaL>. ^l) Event Horizon iliju>JI Jj^' 

.i jjjj-u^I ' JLjI (o^>> (-J3 ^Sl^ T u ^jJI L« (jjl . jj^u^/l ' uojj I r«^e^>- 

(jjijjj nijJL>JI ,_ji3' j_Li" ' -^ 3-iLtl £ ^- < " Cr^ "^^-^i ■&**""' ' ■ JLJl (<i^>- (jl 
Jiittl ^Ir ■ . ■» - - — 1 1 j^a 4J| i_2j_ulJ l_Lfl>J . Jlljll dJju dU nil (_g JJI /«Jtj>JI (jlr 
I ijlr ij-o^fl I JLA iLJoijLLa ^ja j n" i ii t (jSLIj . 4-2_l2_>JI oJLfli J j 5_b (jl (_gj mi j II 
i_t2i!l Ji-lj> (jJI 4_ujjeJJI 3j)UI (JiJJU 5_lL*c Cjj_c_UJ I il : I LutAJ? Jl i n't (jl 
jJaJLJI LJu^aj (j£, JlJ_)j (j-i^- ' . ' ~ 1 1 d*j£ (_, I" <1 j (jJJ-ll OJ9jJI (jjJLj jjJI i J)jjj/2| 
^j-lo (j^Jj 4«bLiJj I y* La * rt jJLu (Jlj i nil 1 JUfc S( \ 1 A , ■■jjl d ■"■ JL>-) (-jJjL^tlJI 

■ r I s v "'I * laJLJI ^—5 J_iLc*JI jjjjL-u^I ^Jb Jj La * 1 1 £j\£ 

. (JjSHj (C-«J i J)^u 2 1 ' uajj I d * J ' La ^j^. J-& I (Jlt^t-ul (-J3 ii LaH i ■■ * (jt (J^J 
^_fl) CjJLrJI Jjisl (jl . CjJL>JI (3^' '• ■i9-*-* J 2(l ' (JLljI *ljj>-t (Jjt (J- lL^T u ^j S * i ■■ 
zj (j-o- J->JI I jut (j£. Zj^i (j' *c>-" U?^" (j^-*f Xj 'Jj-""2(l i. i?" II J)JJL>. 
jl (jr^l (^1 "-^Ij^^-y (jl g J ' '"' 1 1 > j^» - 'l (jSLd^ CjJL^JI ,_j^I TTJ^ ^-°' '."J '*^'l 
iC1jlXj>JI 3^1 (j^- I'-Vr*^ fj '*^'l J ' "^ " (j^ I <iKj • J)jjji^I ' ■ uOM] (Ji-lj) (_yJI 
Laf . Jjjj/^I i. i ri" 1 1 j 1<* (^l t_il JU>oVI j»J^- (jr^ 4jL)jj^3 3 '^J-^ ^-^'j I "^ 
,_, I ** ' (jr-l| "-^Ij-^*-^ <j-l >d^ / < ii an' j . .. 4 jjiaJ| CjLkjjI (jLa CjJL>JI ,_j^l ^-i^. 
. Ji^u^l i lAxjI j^j-a ^—J! Jaq^J jt - p I *>. ATI ^tj I JLjjlj 
/_Lc ^Lxca-fl «L_i_Lflj_u) (_^J)La p i ii"*iJ *l 1 1 ii ilLi ^l-*- 41 ^! ' ^ a JV JJ ' ^*" j4j 
d Ltd i ■■ (jl tiJjj) tjjfl i eaj JS jj^. I JLjjuj Lu>^ (jj > J ' " J-*^" I (jLs i((JLtX1 (J-u ( ii 
L^aL^lJI aJL£, JLilo*! (jlJ3 (QJ (j-aj ' r*J t-ca II 4^.j-lm I j**'^J ' ■■ ^*-Lu ^jj r* ' Lca^JI 
<Lj-3. 1 j-i (_gjjl (JL«_L>.VI (j_o lj_i_o (Jiil I » U a j a, ijjjj-u^l <_cSxJ I 4 La ■ "tj_' 
^^"i ^>.a l_S^I_l>.I Ltgaj] jj < aj ' la . Cj J_>JI (3^1 (j-* ^1 ' "U OulS I o j rt i ^j LaaJl 

jj>.1j i I JL>. 3 JLjju 4j2Lcu-o ^j^a J)^j_u 2 1 < uLljI t ^Ij- 5 1 o itJL>. t t(j-i L^aae ■"■ j-LaJ 

Lij^c LLuI/ ■ fc> a. jVl J (jj j_ji.^(l I JLflij . jijj.1 ^e-i LtSJ-Lo 4L>.lj) ^^ 1 1-^ a ■ ■■_' 
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4_jl_i J j ->■" i ii U (jlaljJl^VI «_o) iijJlj>JI (jj^l !jL<j*_o ■ La j gj J-&J i4j CjJLkj 

p. a * ga ! t 4xj_lu jjjjLlSj ^j^*"*- >".ti 1 j_a aLs ^Jj . (^j^?e_] U. Li^ij Lo* ^JIa_u_u 

,jja ja£jJLi i(5_ullll ^ j2a jL£ (_i!l 300) jLUlL^ ojla-jj ilijLaJI (J^l JU£. 
Li^lj Qju p. a-LgaJ I j^j-u-u JLljlj jj-« Js^j-u2l < uLJI t <-31j-J t_£J-JI ^j^aie uill (jl 

/J ' *-»j i ■■ 4_]l5 iJj^j_o2l ' i aj 1 1 ^ o<~ ^-JS daa^j ^JUl ^j^~- mil d 1 1 nJUu Lai 

(jSLIj . j^j_LI ^1 Jj^ij tjl (J^a 5JjL^JI 4_uiL>J! (_jjJs t3i>^ d)^ oj^ f "'.! < " 
ol n j i ii -v 3_jT (jl j-Aj i LHjLjj/ oLJjj_£ (_gJJ! aL«JI I jljII jj-o j-j-»j 2 I J-& 

JjJLja^o 4_jl JJ-y CjJSj ^ oj^j-o ^1 J'^"' ■■ J!jj-u2l ' . l5-l1I (Ji-lj ■ La S ' ■■" 

. Finite 

tjLj jj-aj t^"i i"ii i 21 4-aL*Jl d j 1 1 n ill 4jjJaj ^jl '*''^~-'* • Ldjgjfcjq j-« 2 I i£) J i " 
^^. iii I d i i ii i iLi I Lga )]a i3j-uS cLcj-i_uj i_£jj^tlu 3_}U. d 1 1 nilLi LLaLoj (j_ajJ1 

(jLa i ( _ ;r j>.jl_iJ! t_i_a!j_LI j-taj 'L^-j o-*^ IjSL&j . SjujlJu 4_uiL>J ( _pajjuj 

LLaLij <CijL>. ,jj3l (j-a t_jjHal I <iK ijijjj/^l fc^cSxl I ^jl\ 'L^tjJ (_gj-!l Q^aie uJI 
iIjJLjJ! (J-31 (jJI (j-aJe-iJI J i aj ^^ i^^jLiJI JLualjJJ 3 i , ti'AVi ijjJijJ! 
^j^> se mJI ^—jvjLiJI JLt-aljJl ^juu-u LlA . Lal_4-i jj-^J-^' ' a ^j" ) LlAj '^ uloj 

jJaj 'L^J-J (j-o i_iajj JLS Oaj L^J ! ^j^"» uil I (j-oj tj^" iiJ-laj ' I S LLa " oj Liaj (jJ 

.(^jj-jLiJI Ju^sljJI 
(jj 4-i-Lq-tJI 3_L^LiJ! (jjs 4J| tiili iiJIj-IaJ JLla J>^o (J^'-'-^" J&M o! 
JjJLav) CjJ_>JI ,_j£| (Jjj jjj^aj «jjJa (_gi Sjjj (j-o (^,^-jLiJI i_i^lj_LI j^jSLcIu 
SjjiLslJI «lj^u>JI i^ljVI 3j_itLLaj ^ ^ i in La (. ij in; diljj i(^4jj,V| (_t2i!l 

. Gravitational Red Shift 

^S, i_i_iiaJI Solaj- JLajjl i^jjiLajJI ?Ij^ij>JI iLs-ljVI Sj_aLLaj ' ' "* 5jj 
LjJLiLa (_^-3) «j_UaJI jJUaj t—ijJLa! I « I'C' 1 ^ iCjLs-jJi! jJI^Lal (_^iaLu oLso! 
3j_itLLa ^l^j" i ii CjJ_>JI (3-3l (j-o i(»j LtaJI *LlLc ■ U I , ,, t Ij JjajL^J! ^^■'» uJI 



187 



l^gjuJI ugj&llg 09SJI 

(_gl ,_JjJ ,jJ /<SJ <j-OJ 4 4_JjL^J 2 7T J IrVil II *lj_*J>JI =L>-ljVl (jLb iJllJUsJI 3^' (jJS 

jjtJ JajLgJ! l _yaixLjuA\ ^ic . U I , „ 1 1 ,-j.Utl C-Luil JJS L*K i(j_43.Vl Q^ill 

' JLJI j^j-a j-Jl ^J ' -^ ' ■• «UL) ^Jj^j < ..a 4i_LajL^jl ^j^"- .".tl jjij «L^j>.j (j-«J 
ajJj 4Jl ^ J j 1 11'^ (^yjvjLjJI i_iJ9lj_«l] d j 1 nilLi Lai i.}JLx-o CjJ9j ( _ ;r 3 Jijj-u^fl 

(_, I r I <i it^l£ : Jlj 1 nt I I jut ^Ir 3_iL>-VI S3 3 * ^Ir L»^j? : J»l 1 n"'i Lutj 
(j-u-jJ nJ^-^-y^ <LaL«JI d j 1 1 11 ill 4jjJaj u 1 n-v ibl jl j*ir VI ( _ ;r 3 (jj JL>. I .3 s " 
(_L (^U^aie mil ^ya ^tSLs . s I Lga-flll J I ^j-ajJL) 3 ' *" M ^4^ 3 ^l? <"' i-iILi_A 

U^JLj-Li 4_ljj_U j_lC. JjJUsJI dJJj-vllJUsJI 3^5 ^-^ *JI '(1)"^' LU g ' '""'.' 

jj^o * )j)j-$jl (j-- (j-^-G-^- 5 (t^>- frj LcaJI «Lcjj_u ;*-Lu ^jl p i n~»J1 ^-1^-Ji^j-u 2I 

3j^Jaj]| i. 1 1 n-w-^^m aI i.i-vVI (jl dijO-j. ^jjj/VI <_Jjl!l (Ja.| \ ->! j'.lVI j^i.^a 

LijjJa j j"h_i iimu»JI 3^' 0^ I'liSL^JI 5^.j_«jJI oju» ^1 (_Luaj (jJ-^ijj i nitl 

j-iijj 3-*" ' "J ' " cJ^ 'L^J-^*' **>■* -}j-*-J jjJ ^ i h-kjI LaI Jju l!il 4-La.dja i3js^£. ^Li 

. Jjj-uVl i_Jii!l ,Ji.l J 

(j^Lq-La ijij-u^l * . . *Mt cjjl>J| 3^1 •*• «a ' " (jr^- ?-23 (j-"i cj^I^j>JI Lol 

iJij_<j/VI t_i2l!l 3" r cr^ iiJ-><J (.pJI ^JJj La? iLtljj (jl ( _ ;t j>.jL>JI JU-oljiJ 

Spacetime Idea ^Ul§ W*^' dj&C 

HjLSLLIj (j_ojJI Sj£Laj iioL«JI ^ jj i nitl 4jjJaj ^°i (J\~t uuj! (jl«~i ill Ji2J 
(_gl i((jjsjjlj pLijjVlj (jlsjjLtlj JjJaJI) 5jljj^I jLuj^I JaLujLi 3^" Cr-^'j 
(j^-i JaLujVI IjUkj .<ijJL>JI JUJLalLt (_^-i-o3 iJljljU>-lj 4_ul£Lo CjLuljU>-l 4j^Lj 

j « jS ;>j I j " r I (jA_4J (j-ajJLa .(jjSLtl 4 <j iU p^nt (_gjjijjJ3 i(jt£JJj (j-ojJI 
3Ji>LiLtl jLkjVI J^ fj^. Ljjjjkc: (j-oj-tl jj^j o' ^ ^ ^^ f^y cr^i 'H b 

.(pLijjVlj (_p3jjJlj J>IaJI) 5_^LJ1 
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Curvature (jl£LUj (j-oj-I! t_i jl>j j^. <LoIjl!! 5 jj mill 4jjJki!l LUajl L£ j->ua 

.(jug uiU (jKtl >_aj in'Ctl cjjju*. *LSl <L-uLls (jSUj mjjJIj ^..n uJI 4^L>. 

oIj-LLj -sI-sj-j t_jj^tjJI I jut (jSLIj . IjjjLa^j ojjj^I i_<-2iilt (jJjLi/jjLUu 
t;r ll! 3jUI ^1 (j-^d lJ-*3 iSingularity jijj-u^I t_Jii!l j^j-o <j-o Ljjia! I <iK 
, '» . ^."j . jijJLl ^^3 4jL#J V La I j*. a !*■<■» j . Vi jj| j^jj (j ",'^"j LLaJt-Laa '" CjjL^JI 
(j-ajJl I ^o3 JaXtJeJ d a la ' rt <3_]1_] Jjjj_u21 ' i 5j 1 1 jSj-a 4_aLtJ1 4_u_*_u_J1 4jjJiaj 



189 



?I^9jwJI t-j^AoJIg qjjSJI 




^LjLifc La_^o (C^jIj jj_i_u2i 



:(39)JSLi 
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sUgjgjJI u^ajJI qj: ftuo^AO 



JiljJJi^jdl 3jUI 



jl»JI Jai 




JiljJJ JUisjJI SjUI 



j^VI i. , si II jM_^> : (40)J<LL 
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4$tf4&\ m&\ ^U I 8 



Black Holes i&tt 1 tauJf <jj J>^'$ **' 

Tides 

(jlr jLjJI 4-uiL>JI j-ulj^Jjiti (jl I ijlr i Jijjj/^/I 
Ji»l.} , Uj^ , ,,tl iL«^o i4-2jLc (_^i^. ji-l (^Ljj-l^ («JLc 

(j_fl ' I S-JI (_JI * JJ-^I (jLJ^ > " II 4-U3JL9 (jl A-JL& l f ll"l 

(_yjj| 4_LjL^JI =Lj_i!iL>JI 3jJ3 (jj'C" i ii Liiajlj isUj/Ij 

. ^tx-uij * 1 JL>iJ /^i-Ii Soil!! I, f 1 1" (j_« j!j£ I «Lua JL9 * ) JL>»J 

jj->J1j JlIu (- <i i ii l La^jfc (j-G^ILll (j-Uufc (j\j ^j-illj 

I JLflJ 4_a_iljj .Tidal Gravitational Force ^iLtlll 
3j_u^ jjjl>. ^1 LjJjla £y& ' "^ (oJL«JI ^ j »"j i H (3>^' 
IjLa jijjj/^/l ' . . *~tl ^a Ja^j^JI ^a Ji-Lj (<u iIjl>. 

jJLt-ajj d o i n~w J^a- i im* 3 ! tdjlr ^ a LgaJl i » )J_>Jl (£^9 

cGljj^^ CjLJj_pSUVI ilaXiJeJj i4jljjj 4jLS<jjj>. (JitlJ 

j-uSLi lLLI j (j^S (j-^N i nil Cjj o j t ii » * La 1 1 'j . L^jj^jL) 

.dllii 4-lxj n_i Loj iU^Ja JJL4J *lj^>- (j-o 

(«JLj«JI I j_& (^_«i/^L3 (^ Jj^l J-oL«JI (jj^J 

jJ^>Jlj jJ.1 (JjJs (^3 l_LaL£ i£f\<i in U (^jLjj-iiJI 
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. j)j-uu^\ i_JLiJI j-^j-o (j-o lS-sL*-!! fi 1.17JI vj-^' I iK ^1 jjj (_,l!l i5iSL^JI 

^j "1 mtta 1 all j-jjQj tAjuusj 2l 3j£jl ■- La 1 ■■ Jj^ 4^jjjla jj_>J1j JUJ 3j-&LLbj 
' (JLlj I jj.a * jj-JLJLj Lot ^ j 1 c 4_iLilt ' ^^*'-^ >-^>tH^ l)' ^1 l)'- j - uJ ^'' c~^ 

. -sjojv }L> SijLt j3^>JIj jJ.1 ijjia isdi^l^ ^ jl j>jj-uVI 

CjljlJLlI =Lj-!I i—sJUa-ij I <i m i'q .4jjj/IjJj sQ±3lj_a (3^>-*J I j Sjj La j^c (_gjJI_j 
*L>-j.} *_ijj_j I JLgJ *L»_lj_lSj i I j La jjiaj jj^»Jlj jlLIj *Lu jL>JI ^3^ (*>*" 

2 < Mil) 3 j i j mil <L*-Ju^M J!lo <LJLc 4JaLU ji pU uij I j'«* jJ>i^ iL$jjIjj>. 

lj-SL!j ij>j_<-u2l ' • S-ljI (jLSLa 3_3j_«-a L^iaLfljJI (jjjjJa j^c (jSLxj (jJJl ((J-"^' 

^ya i ijJiJL] dt^^JI JjlJ-* (jl L-'IJ i ij~ > *J j l ' y> " (_£l (-Jl 4-i-« CjljLluVI JjlJ-a 

Jl^JL«_jj imJjj-SLJI JiLAJI JLieij iiJL>JI (J^fj >Cr >.jLi>JI /«JL«JI (^Jl S.S_j£, 
I j_& j La-2J I i_a-Laj (jl-3 J_l^LjJLjj . Jijjj/^I u-cS-J I 4jj^ u^- "J ''* >a L-a-LaJ 
L-d^Lta-i /^ i n ij ./]_u_tiaj1 Jj^j_u 2l ' 1 aj 1 1 (C^>- f-« L. < 1 uLuj 4_] 2 4 1 JL>* j-JLt-a 

JSU iCjIjlLa ^Lp 3 ^\^>. ^-J-jjj ( jJjLi/jjLoji/ ju>-) I ■'•■_" cjJl^JI 3 a j 

(jus Mill 3J^£ JliLol 10 <Qt£ i_Lu (<i^>j Jjjo I Jl wjt .(j.ifl Mill 5±£ Jla 3Jt^ 

( 10 X (O 3) jIa ^1j^ 30 ^j Laj3 L-aj.aJ (JjSLj CjJL>JI ,_j£l (jLa 1 Jijjj/I 1 ^" ^1 

■x j...Atl s LUaiJI (^3 ^jj ^LSj V 3Uj,,.jtl 4j>| ,iiU aJJtj 

^j^\*" jlaI "m 1 nfl, . ^j^SJlj 3-Aj ji^j-o 2 1 ' lS-JI La ^j^~- '"■• l^'jJ ^ J ^ :> ' l-^ij 

«L>.ljVI ^°i (0^*-^' <j-° j >l i-gajl »J 1 ea II I J-jj j<u 1 1-^>- jj"^ a Cj^j ^^ (O^till 
(j^SLjj nijj_>JI (3-Sl (j-o r>s^*-iJ' lilt j i—j^ial I glS lilt jj ij_«j>.2l Q5UI ^==-1 
Jlj>. ^_t| d ■ -^\ .■>" ^3 ^eJJI 1 jj^uij LaJU^. 3Ls=j3^ t gLg T Lt-a [jJt> ( d-jlajl 5^Iaj>. 
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,*9juAJI uaoJI J£U 

«l£j-j>. (J^ (J-jlj3e-IL<-u 4lLu!iL>. £) 2i jqj?e_LJ1 ^ai2j JJa-u 4<Jl)jL>Jl (3^' (j-° Jt!~ 

,*J1)J_>J1 3^' ^1 (J-t^aJ -^L£Lj LaJU£. LoLa-i JUj_>iJ JL9 ^^aiSltll £)| 

j1JlJL« jljj-j LaJuLc ^j --> LSHj I jL^-jelu-toja i^jjJJI -i^-*-"' J^- 1 - 1 (**-"' tJ' (jr^* 
■ "* j ■ ■■ a iCjl_jjJJj_a (J-SLtTu ■ 1 c t?»j_ua • "■< a^e-lII (j^j .*lj-«_>Jl <L>.1j2f1 

(0_>u (j_a jt-tTuJ j^JJl j-o-21 Q^jj-oJI jjt i4luJL>J1 4-pLLaJ| CjL_o1jJj1 tc-Usjjj 
O^a 4jLU ^^^ J^>-lj (j-C (J^j Lj-aj 3l? ***' ' "J *<J "° '"'^ <= L^ J^ - *' ' ^ 4jjuS kl^l 
7c_i_ua_j_a i J_L) Llu j j Lfl_il/ j La a i a i^a > jLLrt_i £)j Jjlj lILJ jtj iSjL^ljJI <d_jjLtJ1 
j-L 3 ' ''- k -^J * d ualSj J-qjaTu. j- g. j-^a ^1 ^Lc La-Jo I a JjlI-^jjJJI .Jj-<-ul fOJ?c_iJl 

£j_A jj_a j, i LeaJj z O— i l>. lLJL_LA t^Jj-se i ?/j-co j^l ^JiJ (j-SL^-i 2j t j.jj_u2l 
jj^>- ^jjojJI J La jj cl)J_>J1 3^' (j-* LbjUfll Lai£j tg-ajJaJJ CjLjjj^J3 4_jI 4JLLa_Ll, I 

JL^LJJ i<—jJ_>J1 (3-^' (J-* *— '|>^* I jJLc *i_)JL^_) 1 jLo Tc-iJajj (j) (2>S-4-i (-^-Jj 
4j^Lj Jjlj /^J-C 1 ^^" 1 -^- tJ 'j it_il aJ2?l JL>. 1 jLL>iJ (j| JUjJ LiLiI ^j-^J**'^*' A ** * lILa 
^^ ^jsL-oll L-^LLcaJ » La 53 (j I '^Ijlr (1>^J h- 1 ^' Ct^I J -4 ^ O' ^-^HJ i«lla jLLot 
1 J_SLaj iC_)l_jJ1 J^e-J j^i-Ll ' d-uaJj Ij^Lo dJjL>^LIu_u ^J^tl 3 J a >i II a . . 3j-a Ji 
i>J_A Cj JjljjI La l!il 1 JUl u_)LJ1 JLoo jjJ LiJ-tSLIj idJLa JLA J^t_j LaJLaj 3^"^**' ' " 
,tiij3JLA ^yJI Jj_t-a^iJ Lul j-4_l!£LI1 4^1 mil ' d-L^aj *-LaJ"SjLc LaJI 

djuljJIj Ij^-c-lIL-u 37 , 5 SoJLiJIj IjTl^jTlL-u 75 dJl21L_u 4_uliJ1 ^jU-^TU 

CjjJi_t-3 L<^-a 3j3L_u^a L-kxcaJ j\ 5J3L_u_a edl_LA LajJ J _' "J * * l/*' **«!**" " ' 8 , 75 

' -j^Iajj ■■ dJLSLIj i<-_iLjJ1 jLjlL>.1 (^s tila jla (J-^* o-^ L ^ J ' ^1 .*_jLJI cAjj l ^-4 j 

. o iak>. mS )t_a i La ad «LLa 
(J^>.J_) La | j-->-^- "'I LJJU-ta 1 j,a JU£. *Jl)JL>iJ i«LSjL_uJ1 SjLcLSJI i>JLA jj-oAjj 
jI i JJJL>. M_i ^Lj^Is L£j ^^ ^^ ^LI jJUj-m^ i jj_l^V1 t-x^iU Jl)JL>J1 3^5 
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(_gljj| *_o (jia^Luj ijtJSjll I JUt u£ (j-ajJ! i_k3jj 3j£Ls jl C^p- i!jU>- Lij^C 

Q*hif $ii ^j; x*All JAM WdnC 

3_j| » j La-j i "~ Vj ij)j_<-u2l t-j-S-U I J>JJU>. jj* CjJL>JI ,_j^' (jl I— Li •» LtaJI 
j^j_a ^eJ *-3J_ij (jl i^-pej I (j IS! 1 j ir-jLjJI ^1 4ii-lj) (j-a t_!J-£J (jl < — ''j'-*-"! 

. (Wave Front 3p-jJ.1 3-ajJLo) *u-ul I gal*: j 1 Laj >l jijjj/ ■ t- S '■ I ^U , „j~" Sj j < r ^> 
5j-S ?« *_o^_x_j »1 j)^ i ii tl 4-LaJLIJI jl j_>»j ijj^j_u2l < JLlH jj-* j^p ^ Ju Ly-^-3 

i.nnii I g * i *-^j rt J J *" J^Loil ' i flj 1 1 jj-a C^jj-lSI 1 o K (j^-lj 3j-jju-£1j1 p. a^JaJI 



<_i S"itl Ji-b (jJI iilijusJ! <££*] jLjl»-! L$J (jSLof jls »l i^» 3 Hii<» dJLla jl 

. jijJJ ^1 (JSLit ' ajjLi t_iJLa- i"i i ii L$JL3 J)jjj/2l 

. j^jJ.1 (^1 !M-n3 Jj^ij (jl J^3 i LoLlJ (Jja-^uJ L4JI Cr^ 5 " 
J j » i"i~ (j-i^. (J-«-«J (ju i4JuL^JI 4_uj>L>JI aJJt (»jL2j (jl ^ nii 1 11I jjSLjjj 

SjJLiJ a^-L^JLI I *j j 1 a rt (J^Jj (jl (^3-*-" 1 m mi ^J* aj jl * _ ^" ' "" (j-I j ' J 
4_oLilII djj 1 nitl 4jjJiiII LJ aJLjjj .4_uliJI (j-o Uj^>- ^-J-p ^ ilJLa. *j j i ^> 3 

.Ji^. ^^ ) LaJ V La j_al^IiJI (jjs 

V jj^>Jlj Jiil CjIjLuj i3j>jJLa^ j_lC sCiL^ jjSwij J A, .-,11 LjjI 1 no •» j ' aJj 
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^gjuAll uJUJI Jj|i 

' i 5 "' 1 1 J) ^ c w I C i-Lga-il Jj i_La_lj 1 JLAj . I S 1 La rt 4_La t-j^sj (j-> 4JL>.JU s^- mi 
. CjJ_>J1 (3^i d La i ul flj ^j^SJl £^c (Jj)j-*_« ^4^ 4 Jijj-u^l 
4J3y»- i M U 3j)LU pjj (jl^ LjI i4j£jji J a flj jjj-u^I ' . JLill (^ ■ La 5 1 uj Lo (J£_j 

CjLo_i^a Ji ^ flj -»" ^IjjjjJI jaxaJl dJJj ^^ (3^-!j iCjLc.IjJ3 I j 1 1 a flj CjIjjj 
.-.lalUll jl CjLj-jII ojufc (jV .CjLSLLa j? CjLj-jjj tiJLufc (jjSij V (j^o-J i3j>LU 

. (JjLflJl '"■ 1 ^tlj ^j^S lull i^JJ-u jjj-u2l ' Lfl-tJl (j i*~ 
L^La3> c a_i_^ L^jLflaj AB tfrl i^ a 4_LjjL_u 4jI »1 J) a i nil < laJLJl < )JL>»j I J&Jbj 

-i La "j j (jJ L^_iLa '(j^l .v-Atl jjJJI I jut (j-a L^jlj_lal jilj liLa 1 Lg-La i_sj_2JLj 

J »_flj 4jjLo> 3^.j_»jij 4Ji-lj) ^j j~ 1 ■■ Jj i(iijJL>J! (3^1) jjj-u^I ' . . *"tl ■» La 1 ■■_' 

3j)U! 3 •> 1 11" (j-Ij • J>j-<-u2l * . c-5-iJI 3^j-° (.^ 4_uL^J^UI 4_uJ)L>JI jjp-j J-o 

( _ ;r J5 w a-usc-i ■ ■■ Jj . u 1 u-r°i iL^ii-lj) .- I Ja-flJI jljjj '»! <ia.flj| 4 nii 1 nl 4J3SLU 
*-«J iOJLfljJ O-aje ■ ■■ (Jill 3 jLLLJS . c_tJj-C J-«i Lj-A iL)JL^-j 1 uj . 4_uLul ^j-a 0-^ 

(jjiLflj V *ui jl>. (^Jl cJ^LUaj j^ 3j>UI (jl (^1 iL^jj)LiJ Sj)^>-jjj ^,43 di!j) 



(t^tJIdL^dj^d 



a^j5e_LI1 3Lo* jSSj-i Lj^£,j) t^tJia 1 nil » *j aj 1 ! LlLlLso j—5 ^ o**i i u 1 ^ji ^jU^ 

^JJl jLiJI fQ_La_»_aj fQ-gcJul J)^A_j_a CjLLa_>J J_Lo *. L^3^_a Ly-*-** Ljb^-Ij-* J-i-« 
i <j1^jHjJ a&oI^jI ^j-a 5s \i try 4_j_4S_j LLa^iit-a i^^^ja^jij JLi^jl ^Jt 4_i£aSj ^—5 ^Ji. JU 

3j_Ju 1. 1 j 1 »i ■> 4JSL4-! 4iiSL!l j-fj^ (ojcJJLs i^j^l (0^*-iJI =iL>.jjj aLxjV aj^LII 

JlLa 4lLLiS fQ->tj ' 1 1 Laj la . Lj > 1 ■■ ] j j ■ ^a o^J /^ i>J)^l_u3 jLsol i4H_u j)La* jL^-a 
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l^gjuJI ugj&llg 09SJI 

CjIj— a > <"t * ] ^j ,i tj <"t]\ £yz 4A& J-^' C -? ^-^H ifi t-d-^ (-J3 4jjlj_>Jl 4_]J)^_iJl 

cQliS *-Lu ^J-Il (Qj?e_iJl Lai . 4_u_ajJl 3j_L1 0JL& ' gLLtaj ^-3 «LL%.jJJ ^j --^ I *_La_aj 

. «Lu_u (j^jlj ' gjLaj ^—11 /LugaJ LLaj ' t-Uaj-i3 t^j u <i mil 4Xo , 2 

l_AJ_t£.j i4jj_i_a «L>.j^ ^j^-lLc ' kx^aj ^—Jl^^. 4_ll>-1 JJl 4jj1jj>. ^^J-^ 03^J d^-*-* 

l_gi) a j j I ^ 1 1 (Ji-JJ iSjjj-o '^J-* D_Jr!-'- a LfyL<u ^l^s- ^1 (<i^=-iJI i_Li-l-i (j-2 
j_i^>l_Lc (^1 Zj^eJLo (_gjlj^s~ (.gjlj-i J-cLij (^ (jj-^-jijjLjLgJI rLoJJ! J^jLj 
,^-3 3_JL«J! Sjlj^sJ! lia « ■ '-* 4_l3 J-iLtij i^JJ! cJsjJ! (jJLj /<sj .J2jI (_£>»- 1 
^jJl (0^*-iJI (Ji-JLJJ (jiLiSLiVI i_i3jjj IjtSL&j isLu!iL>JI 3jJ3 *_o (OJ=-iJI (J^'- 5 
, r j , %. 1 1 » ,"," ^ 1 ,%»Atl ^3 d ^U rt 4JLS /qj5e_l]1 ■- ■ ' a 1 j i^-j-u-ujJl jt-iLnJI «uj>*j-a 

ojij^j Ji LjJJ-^-j i "I jJs Qi-^ c 1 ^? - "' ^^P" ^^ cr^-5 * L^-^^- j-* Laj«3j 

( _ ;r Lc *L£j!AJ 4_iioLi (^ 'Li^LS Sjlj^ej da I a~u>. VI * j' - "*"" "_' <jJ («J (J- ,? 'lSJJ-^' 
i 3j_L*_t-a «Gj>- fQ^=-iJ I ^J-J ' ^ Jj * L^J-^" ' ^J-* tj"' 0< * ' ] ' jSjti^ ^Lp-j L>J I *LJ Lfl-tla 
^jz dJLoj ij-^l ^alSlul ^ya <* ' ■• a i ^-^^t-i ^jt » .u gall i ■■ I C^-JLl fn i h"kj1 1 JLA ^jLs 

.(.^ill Sjlj^v ia-jj 

>-2-aj J^L»_jVI ilaJi ua (jl_3 ijjutA TTJ^- J^~ d^ (0^*-^' ^Jj^ ^J-ilj lij Lai 
I o S fq-Jc-Jul 4_LlS_i i lol ^"^Vl » < U" , ,, > 2[ IlAS-Aj i^eJjI J-jj (.mihi d j a * d rt 
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^gjuAll ujjiiM Jili 
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d^gjuJI u-igi&JIg 09^*" 



*>*>" j^VI ^JZ1\ }£j^ 



t 




^ ^ ? ? 



L)Jl=nJI JjiT 



A <\ ^^ 




, 1,-^AI I 



a ,^ln-| ,l SjUI 



^> 



<? 



Z' 






jjj_o^?l i_<_SlII jjjjSjj SjUI jLt^Jl : (42) jSLti 
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.\A^\ ^!*i\ gt «iU\ 9 



i . I j fl-d I ^La_jV 4-j-alaJLa (Jj-*^' J-^' O' J^-^i 

»l air (JjL2j i _ JT ILl1 2jj« uaJI (jSLJj »(j "« Mitl 4Jt£(JLLol 
. Lgjjjj O^-^ " *1-i$-"-«J1 tjjaSjJI aJJt (jl ( _ ;r a iLulaJl 
(JjjLcjjlj i iiLLlI i\ air (jl SL^I i~u'S\ /alj (jil i ^J^' a 
iL^Joa- Laj3 sljijjjJI t_!^2!ill L$JJL>>-! (j^l J^^' Cr^ 

* 'I 0-U\ Js^^aJ zLa!o*l i_l!LL& (jL) (JjJj^j jcj (j-oj 

-• I < V» A 1 1 (^3 La (jl£Lo ( _ ;r 3 Jijj-u^I 
tfiOa-uJI * «j 5j ) I -i^>-J (j-£. [p j '" (y^Ji jLiVI La I 

LjLo (—ijjiflj Lo J£ ^LjUJI lJ jic 4jjjJl!I Lpjji^ (j-d^ 

t;r l!l-4ljLjJI A^a-JI (_Lt^>- L$Jl£Lol I i^ajlj i«Luii (j-a 
(_^o-J . L^Ja^- Ijl J-o LjJ JLajj-CjIjJil (j-Lj^La-i Ltjjij 
r- 1 Lga-flll (3-4-C /Js (--Jj-o JtJ^ 49 J - U « 1 ' (JLljI (jLS ^oJj 

^(_jio 0^^ JJ^ Lcju^, ajj?e_uI ^j^->* i (jLs idUL>JI 

Uj-S-1 4_j| (j-taJI ' _i I c I fl iS-JSJU oj-u^-i (j^-4J V Lo 
J_«-J (jrLc La-so Jj^5j_i (jl (jSLoj ' fl-p (j^-Ij • J_4-"il 
4JLi i—Sjjuj i(=LoajiaJI Cilji i nil i_32 I Lajj) Jfciae i u 

t^'J c-^ | ^-ILj- j * '(j-^j- j-i-^ Lj° f-(j-£> J>>- jj-^ 
: I o fcuc 4_iL>.V1 c-A^t-i (jLu_uL_ut (j z IJ_*_o j-* ^1 
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S 1 j 1 J_a 4J JLitHj (Q^=-i-I I (J I <-J3jju I ^j^ - 

(jljJ 2l ^-Jl i>^j_u3 2 j 1 (Jl^t-J jjl LLlIc fC^E-ul ' ^k" JJJ ""'**' ' r^J-^- 3 Lt^J *r^3^ 
* /j_i Oil 1 ^jj Leaj ) a jJL f^j L^j L>. j_a j| jia Uxua i 4-AxI>i 1 1 

LaL>. gLt-tTu t-dl Lc Ut-co] jjX. SjLlC A^Jfc-LJl £ya I A Uluj /^lli (J-jL_ujJ1 £) Z i4_JjJj 
*:1j-_a_>J1 O_>o 4 ♦ mi^Ij ^.ft^aJl 4_*_iI/Ij 4_oc_coA1jJ1 ji^J ^j'm ' ntl duu~u2\j 
f. 1 Jij-t-u-J 1 Jo j_La_>J 1 liJJj j_A aoj?e_lJ1 ( "j}* j-^-4-s *-* J-^'j -<: ^J- J -^l>^' *-— ' ^"J-^ ' J 

t» i t ' uJ p-IJj-uiJI Jajia_>J1 OJLA JL>.jjj .(,^-a-JI w ua^l ^J) j-aj>-2l ^jlllj 
3tj9j_a jjLt-tfl g-a-JaJI ,j-^* ) (j <QJ ^ 1 < 't4 jl ^' f^*-^' '** ^ Cr^ ^Lt-ai^- <— ^'j^ (j' 

JKm.I (Jjlrtlb Sgljj intl 3 j La >i 1 1 oJ_A djlr LJjU ij\ (j^-4-i (^JlII L« (jSJj 

i ^a-LgaJ 1 1 JLA JLuiJ ajj*_lI 1 (j_a p J- 5 l£ 1 ( — ^J-*- 3 (J ' dA-4- 1 * * ' M '" ' ' J "** ' ^-^ 

.Luminosity cLjLjlI Sj^Lj «L<jj5£^j aj?e_J1 SjIjj^ ^>*j-i 4^j-«-« £p**£ ' L ^li 

jq_j (j-*J 4«Li_jl3 ( jSLtTu ^J_>»j /jJj! /-xilUjJ 1 (J_aL*Jl ^-.A fQj5E_ul 3j1^j>. «L>.jJL5 

. Spectrum Sequence ^ A^Utl «_jLhJ1 ^ a i uj aUoj ^^ ajjpeJJI t_^_ujj «j j_o^ 

jl^j -tJj^LJI jj-c 4I1jjl>J1 CjLjJiilll ifj-a-Il 1 J-A CjL^I uujSl ^lr o_»_Li j^j 
OB AFG :4_JllJ1 4_j_LuMI1 (_3 jj^J L- Lluj J^-u U<-3^Ut1 1 1^>LJ j-aj 
jujlxj jj-^- 4 - 1 iA j^?-^' o-° ^LuaLx d_uj-A ^^ji^. J'-iJ L^-t-« <— ^j^>" lhJ K M N 

44Jjit_<_u ajj*_(J1 j^i Cr^" ^ tJj*' *— ^J-^' tl^-^ (J' Cr^" * ^^- (J-° L^J- 3 

• 5jIjj>. a^jslIJI Jif ^1 jjni^ N <-^j^»J1 Lai 

«LjJI_C jq^?e_lJ1 3j1j»j>* «Lj>.jJ {jX 4^1jj_oJ1 Jajia_>J1 4_i^ w A"-^." i(fiLul_a_J1 
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((j ii g i"itl (Jila) G 'Luj.a (<s^*-iJ ' a.iLaJI (jl JL>o i(44) J'C i"itl (^3 I i eaj jj . ljL>- 
Js^jxj (j_c 4_>iJlj ^l^L? ' " - c ^H > *'-'^' (j~* 4jiscUj (Jill »' -^ ' "l> 3 J La >■ ' I (jlj 
. .(j ii n i"i II (_p-o L$jjIj^>. *L>-j.} j»J-><-i ( -5 -S 3-iLc J^>-j3 (jyl!' ^jj i ii IIS i-lilji 
«La*j.} (j_« >- t ^' 9-^ ' q c *-^ ' a '''^ I (jl (j-£_4-S A^J5c_Lll ' ^'^ (J-lL->o (jSJj 
(_gj-!l JL>JI (^Jl ( _ ;r fljlaJI (J-iLtlll («i£. aJLSj i3j_o-^I Ciljiiull w a£ . 3jlj_>JI 
. 4_]L*_L jl JtiLaj i-Lgaj| jojac-iji (Q^^a* J- 5 ^^-^ t<Lal JL^-**i i iiL (jS-ol 
Jj^j (jl i_3jjlj ' "^ -J-^J (j- 1 ^' Q'j ' " '' C~^ c - t ri- >0 tj' cj^" ' Lu Sw OJiQ - 
(jLau, 4j>.j^ JJL^j (jl Vjl I ulr . So^La* fQ->»J _}j^ae_« a I J^j-ut c_i_Sj j_A j«j?e_u1 
(j_a rc^ae_L3 i4_]L*JL j^JLa i-Lgaj| jj-2j (QjaeJjl Sjljja* (J2i ij^ia-aLiJl JjjjSjJI I JL& 
Jl^uI G <3_uj-« (j_« (Q->oj i3j-a «LlLc G fiLuj-a (j_« fQ->o (j-« LlLnJ. JUlul A 4_uj-a 
fQjaeJJl Jj^J (jl L_ Sjjlj L_ il_p (jSJj * ^J-° ^L-* M 4_uj-a (j_« f -? (j-* LjLiu. 

. S ^Lt-a 1 _i^a*^_a 
(jl j^LlU JLi-^ajjL) Lu SL qj (-H-** ^-i-* ^-*d>^ ^Lj_u_a i-r^- ' ' ' " * ^a' '— 'tP" 
i^jjjjSjJI I J-^J ^rijUll (J-lLkIlJI (_^i^. J-4JJU (jl S-P^ t*- 1 (j-°J '^AJ^J <j"° jSQi 
.jjujj «L>.1jl a I Jl^-**i i ill Jjjj-La £>C t _ p >ia-«Lij1 Dj-uj i ^ . ..C ' t 

Doppler Shift jld$ i 4*1 jf 

L-d-j-La (^^^ frOJ i ii II i La a La a* 1 1 *J91^_« (_3 «La*^JJ (J^La jl (J5U1 J-J-*J (j! 

.jJjj^ ^jI jl 4jvIjLj ^ <i i in La d j 1 1 nj Q5UI (^-3 j_iilll I JLAj 

»j 1 a 1 1 (jl 0_i^>.j . jJjjJ =L>.ljl jl j3l (<u-uLj 1 1 j*<* I JLlilj jl (_p3j^( I ijL^ol 
p •> i It A 1 1 11 i tl_l Jj-Lal JJ-JJ CjLa-jll oJUt (jLa iCjL>.jjs (JS-»i ( _ ;r 3 tiJjLajj 
(J^_La (j_a j^ji j-aj>. 2l p j 1 ga 1 1 4s>*^ja (J^La (jlS LXj i(_paj 2l (j^. JjLLu (^JJl 
j_^^Vl ■ liLaJI L^jia^rtj 4^!jl I »j| v.^tUj'a i4jjjJ.I ,Jj^Vl «ljj^aVl 5^>-j^ 

. JJtlu mJ JJ! (<s^=-lil 
CjL>-jJLI j ) j" 1 ■' a i(_paj^(l i>L>ijl ( _ ;r ^ ijjj^tlj (_g JJI (OJcJil <b 1 nilLi Lol 
j I J-La j j i'ij j ' a-jXaJI l j H a 3jj^' 1— 2jJaJI oL>ol (^ iLs-ljVI (jjC", , ,,j j ,^,ai 
. ^LtJjVI jl t_jlj^2VI (^3 (OJE-J! ic:>^ (jJI n>uiUoVI (j-o i^l (^ 4jvljVI 
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>Ij>9-ujJI u-iji&JIg (JjSJI 

-d A I ", A. n CjLJSjI (_^ ajjsJJI jl>.I ' "jk (Jjlrtoj LjiiaJ I »l .air ju>.l .^LJS lilj 

^ysj2] tj\j <j5e_u1 j-4-i LcJU£.j *(3jj LJL9-^' Ly^- 1 -~>- :r **'**' ' " ' gt-i-IgaJl i La a La a> 
(_psj2l (j^. (<s^*-iJI J »*i n LoJ_c£. Lai i*L».ljl 4jI < U -. \1 j jjla i^^jLiJ! Jj^jJIj 

• flgLaJl ( _ ;r 3 j_«j>. 2I Q5UI 3 J *- 1 
jc-j-ul I Q-^-iig 3 ? ^'J-'-J-* ALkaj I o j ' rt (j^oSlljj ^jLj-^o JajljHj L«JU£,j 
j_£j_a (Jj^>- j-i-l ''.'"*" La j JJ^ i**-? J-* £"J-l>^'-9 iBinary *L>.jj>j_IJ a^x-JI 
^ 1 La 1 1 ' ill ij'** hj^ajo (_j-l^. <-La 5^ ^IjH^VI I ' A j i ->"■ 2j V JLSj n-i!j" nia Jju 
. A^a-JI <_2 2l (_^i^. iX>**' ^2fL>- (j-^J V-?^ ^ ' ," " Cr^*" ^ J ^- J Cr^- lSJ-^* 1 - 1 
(2>C jtj La Lol i(j1-S^lj^-o (Ir*-*-? 1 - 1 (jr^ , '-^''' a (J^ <L>.JJljJLl A^jaJj! -»AI U . ^ I j 

/q_j (j--oj i i --j!iL^tlj1 4!l%^j 1 T^ A" -». rt ^Jliaj /qj^eJJLs . (—ij-o J-^- •" ' ' -^ ' " 4_il 
j_ljL1j1 j"^ 1 fiU-r'jJij-a j_4>j ALkaj (j-* '0"-?* cJJ^- 1 (^^XJl— -ia_i_*j jr I ' lS-JL^ 
(. i i n 1 1 (j-A '^J-^j-^' <*> : *-'-" aLUjj (ji ( -5 -i-« ; J I J-Aj ijj>-VI (OJc-LlI Ahjj>. (_ji^. 
f0_>o -i^>*J Ur^ ^' ° '* '' U^** 1 ' " > t-^P* * »t^J ' "*' * )a-S!tJI {j£. t^i~r tlj J^SLo^l 

,5jiihmi J& 3iMi (^ jujj-^lJiUI ^LLVtJI 

(J^L^ t(j\jQj>ii £yz «L]^SLL1 4^,^^_>J,1 j glaj ^jl ( 2>^- 4J ^-*d>^' r^^-*-^' *^J«L>. 

(jjjjSjJl -i^>-J (j^ 3 3^"^** <^ "- ^J- lL^T JI a JL^-**( i n 1-5 JLl»-J1 A^J5e_dJ d i i n iTLl 

. J^J-ol ' I <b «LJI ■- Lg3J * L-4-1J M^jJlj i^-JjJLI ^J5E_aJ (—OJ^Jl 



ifd^Jf M^ftNJf^ (x) "WawJf 4M2I 

•» Laajl JL£j .iLajji ^JJLc ' " ' I 2 j La 4 ii U" mJ^Lc »>j lS'J J*** VI ' ■ lAxII jj^j 
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i jj-uiVI <— i Sill (j-o (_j-Jj^ j^^- J * ^'j^ . ■— *iP^ 'M ^W '-^lLiM *L«1«J 

oljULII aJJb i La « i eaj LoJUCj . iljL^JI 4_u jL>JI Jj<-i) I j"'al",< jIjVjj ^sr , Jj , n'a, 

w I c SjjLS i4_L>.L<Jlj d U j » . '* 1 1 CjljLtll (j-o 4J3SHI 3-oljjJI aJJb (jjSuj 

iA^ItrsJLI I *j j ' a rt ^j-a 4_t^LS 4^1 nm^ » ) J-'-^ LaJLt^, 4_j_Lu_oJ1 d * ni 2 1 jl J_t-al 

. Jjjj/Sl 1 . l-5-tlj CjJljJI ,_j^i (j-0 mJ| 
4_La Cj-IjU^I (j! CjJU>.j v I LtaAlL La (jl£Lo (_yS .}jjj/I ' ■ 1 Q-l ijJLjjt (jLS I jLfl 

il_#jjlj^>. 4^>-jJ 0_«_ajj!j Cj-La-i Laa >l JL9j i«lL>.l^ ^1 pjl 1 uTi ^^Jt Lj_Luj 
dJLLa (0-L*-l jj <i 1 nj La a!jLJ>-"iiiiI ^^ »l flUtl I JU IjtSL&j . g| j m 1 11 4ju^I j ' ' -»* 

U~< tl CjLUajJJI dilj x-£a (^IsjJLi dil ij X-Ray Astronomy 3 j u mil 3< mi^/I 

iJjjj/VI i—Jilll (jJI g-jl in" SJjLt <ZjLalj.J J*\ ui j_yfl i4jjLgJI C^ljLiJI l^lnijjj 
.Q^SLII ( _ ;r 3 (jiajsLiJI j-iill Ij-A £>£. C-i^-iH (<s-^-i-o 3JjL»ji^ 



I gjic j-*j-»j (jH-l' 3-oL$JI (jjoj/^I (JIxj id j ij 1 nil 4j>jI/2I Ljila joi^. ^-11^1 
^LjJjlII ^L^ 1 1960 aLc j^j -»Ij>j mtl cjj2i!l £>£. diseJI ^ liiLill -I i^ 

J-i-oj-j J_t-aj 3 j g 3. T d u , ,.lj < , g 1 , ^ All ^j^ 4J ;a jL^j| djM, nil d ♦ mi 2I qj a D * 
isLi^aLi. CjLJjJLj jl thjjIjj^ (_y3 idji*r->jal 3j^i! 4j^j>JI ^ ajlajl jj^s (^i^.1 
O-iLSj . I_ LjJI J 1 a] zj (_p3j2l j^>- ( _ ;r i ^j a ~ 1 i ^ j m i nil 4j(jli2l ij)X till jj 
TtjjIjj^aJI <JLuLS Jiia it_jjL7tl!l ijjut (^ LjJLLaJI »l ulr (JjL2j sLiJLi 4jj< i^-i ijJLut 
SjILill /^-Aj ii_La_o3 JjjLS.} ^no^. jj-o J-*^l d j m i nil 4 ♦ ni 2l ^13 L$J £j^A-s X 
.^jisjz] ^>. (35^ LjLQjj-a f"JJ ' LaLojj /^j-Ii 

d ♦ i"i2l '"*■ Lga * i iLi-Se ' "" 7C Jj I J ' gall ^^S-ol ^Su\ Cjl^ILill p^-<5J?E-a L)^\5 
CjLj-Jj.} SjLi aI jiilt w ^^" X 3jLo (_^-i*J 3jL>-lj 3x.Lji ^l^s. 1 I jj'** dj m 1 nil 

jjj^LLLi djjjij r jj^j '^* II ''j** LJjjL><J 1969 aLc j^j .(jj^LII ,jx. 3.sL>. 

j j"h_ij ? I LtaAl I (j-o d j ij 1 nil 4j>jI/2I I, S b I iTJhuru jjjjtjl ^^ I '.^.tl j_oiII 
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3 n LSj .(_^u_ol_iiJI I j t\l S", , ,.l J_j_c ^^ 1_l2j^3Li Lj-Lj^ J^L-u jj-o 4J3^Ual 
161 (jLSLa SJLse-j (jl 4J j^S-ol LtS <frj , ^ 1 ,>. ATI j^o «Ljlj_o1j d S la * rt 7r nm^ ^jl 

2 l^jI 111 i3_uLiaiJI jjL^all OJLA ojSLj jL lj^u£ VLCo.1 tiJLla (jL dJiill 

- c o^i_*j uijj <4 _i'm i nil 4txLVu 



«f j^j ^u J$l 00 1 -g*il *»U Jl (tail 

3_Jjl_>J, 1 4-tSLLa 5j j a-l < j i ■ aaj (jx. (jjj_ill j-j^. lillaJI »l glr I aSj («J 
j-JaLUI (jJx. 3 aJxaJll CjI m uuelll l_jiio? JLSj . (jjSLII jlj-<-ul <>£• I a uiSLJI 
jLojJLj Jlj^5j_o ,^^1 ij_J_JL>. Jl#£. ^°i sLuljiJ CjLj/JLC (j-o (ClLlj'C i ulltl) 

»j^j 3 La ■ uljj i4j!J^>.| (^Jl ^)^j;Vl sj.MI JjiaJLi sLJjJI ali dl! j£ 
^1 > n i nil ,3'j-^-"' 4 iS a j iSjJiJI iJL I j Ua ' a l^flLual lj_o~lj I kjiaJI JjJjo 
wj ' J J * ^-^ * ♦♦4_jja_Liaj! C)1^ LuiJI (^u^ij Lt£, Jjljj (-ill a^eJjI 

4_5j-_»_a 4JjL^_a 4-ljl quill a1jj>* 2l q^-jjj * i h"m Ajj?E_ij1 ^—11 4_)j_t-£iA 4J_Jl_A 

lL»i 5l!l (J^-l (j-o-^jj^ljJ! liiiill si ^lr aLjs ji^j 2 . v. «l jtl L»jIj_<jiI ^j^«; 

ijfi i ii 3e "i I i3^LJu Cjljij^ja_o (JjLoj-^LUiflJI (Jjj 5j 'I LaJI £QsL>JI CjIjj^^I 

(Jjj/jjj i Jl j?" i nl jl-£>- (jjk- *j' ^L*^! j-^ (*-* ' c3 .' *° ^ J^J- c^ A^J^' 
Jj'r i ii"(t1 jL^>- oj^ 'j^p-'j t t __pij^ i ii**(TI d j j"j-,' rt J j J^~ c^i i^-A ^ JLJ 

.(_£jj.}IjJI diiaJI »l .air I j i a -» aj OtjO- i(_^JLu tlalaje^a ^Ir CjljLiVI 
(j-o j-j5^ (>c. Radio Astronomy ^gjj^ljJI diiill j«Jx. CjUsjI cJoLai jlsj 
(■■■>-( .i Jlo i L*!>i (j' ( a jj , ^.' 11 ) 3j^L«JI j-JaLui! (jSUj V ^,111 ij-al^IiJI 
olj^»JLI tiJJJL£j ^j^JJI j^ oLal mU Ji^Z ^\ 3.^1 jJI (^jSLII jLill 
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. I &jj .^" ^^Jl (^j^jjIjJ!) 
liLLaJI (0 lr cjIjI jG_oI jj.1 jj* ^jninll 3julVl iilia jolc o' ^^-^ ^9 

j " L^aJLI /^-i£. t^j->»J i-y^Jl * ijLtHjj 4_LLa2l ^j^** I JL>*L_u_u jcj (j-«J L^^-^Lh 

jj-aj . ^1 Jij i ii II * «j <Lul £j£. <_S-r ill «UjL^t_a ^—b id j m i nil 4 ♦ mi ^1 Ojj /^11 

: Jlj mil I JLa> j-UsL-JI oJs^JI ,^3 dliill »Ulr jj^cj Lo jj£l 
.Si_i_<itl^l jj_<jiI i_c2j JjI j-o> Cygnus X -l-<j^£l <L>-L>.jJI j«->»j Jj* - 

-(j-u£l 4jvL>-jJI (<ij>>j ' a uu$l LaJU£. i 1965 aLc ^ Jjl in" II IJLA 2 '^a IjLu 
w ~**j' >JI fiLLgaAJl ^jQ 4-u-tuiJl 4jlu<2(I i-joSm fzji)\&juaj\ ^y Lai d L>. ) a »Lul t I 

/_oj I 4_j_Lu_oJl d * mi 2 1 j si < a rt J-*ljl (j-* ^-^ ij«j?E_JI 1 JLA fC_*_o1 £jja tz-l^uj LqSj 
i "' I I a II »l tj\c Sj^p- J-i^i 3-*5 cLiiiUI ^^.3 4JlS^a JJLso jlLoj . L^l uijSl jn_i 

fo^j-j ' l£j ' a » ' 'j S> i ill" m^I ^1 jl^-"i ( ,iLi 4Hjjj (^A- 4 - 1 ^ ^l ■* d **'*^ t — ■'^P* (j-* 

43jj<js i 1969 aLc ^ mJjjjIjJI I'llfill »Ulr f-LLalxJj . LujJ" (^ j-2j 4JI 
i " ' I i ea i i 3jJ3 Cjj_Ju jJLs i( I -(j-u£l *L>-L>. jJI) i _^zjz\jil\ (OJc-LlI I J-fli (jx. J^j-U 

. cLua j ' * eaJ /^i-II 4_j_Lu_oJ1 d * ui 3(1 

J}Uta ./ojeJJI iJLai Jj-aj ^ aL» jjI^" ilio^ 1972 ,1971 ^-oLc ^Jaj 
1 Uj -» 1 rt 1 . ,-. ^ « , (jjj ^-j I) _^t~\ ' , ^\\ j ^ZW t ^ , .."s I 1971 J^j >lj ^j "j* rt 'Sj 3 '"" 
3La_3 j^Joj i I -(j-o^l <L>.L>- jjl (0-3O (j-o 3 J i J i ntl 4jljI/ al jl JLi^>l SaS ( _ ;r 3 
.^^^a-aLijI jqj?e_lJI I J_fl> ^jlS-a (J-"-^- 1 (jr^ L^3 J -^'J J ' ' a rt 
mJjj^IjJI j JL^all I JL* ,^c. ti^tJI (^3 Mjjj^IjJI j_Ji>LiII mJj^I O-ojiel^-ul J 
4_j_Lu_oJl d ♦ mi 2I jj-o ^IS ^jl iC-tJjX. j^a\ JUu LiJ^ ?e-Lgaj| jcj t^^Jo. ^JJ^ (1A-^J 
(j^iSij 1— a I uuaVI I JLfli sLL«jtlj jJLlqJLI (J^iAj (j-o (JLuljJu 4j^j^IjJI CjLj-jIIj 
. 4 j'm 1 nil 4jljI/2I (j-a 3-i' ^-J^ * 3 ' "^ T A (lA- 4 - 1 '^did-^'j-" CjLs-jJiI (jl ^^^ 
4j>-L>. jJI) j U-aXI (j^J t_jj^JLi jjju ^IjLfli Ltso t*JLLa> (jlj jlSQjl (<u I J-#JJ 
(0^*_Lll I J_fli (j^. j—lTlSLII 4_3jj<-o w AjUtl Jjjjtlll A , u |aj (jSLolj i(l -(j-uSl 

<U 4jix^j mJ jdl (oijJI ^Aj HDE 226868 226868 I i .&, ^u-u\ ^Az. JiLf mJ JJI 

(j_o JjL^JI (0^*-iJI I J-flij ^(^yfl-ilajl • gjuLLeal] r-^JLo ^^ J-jlj-i lSJ-"-* (*jL*jI 
Cygnus 4j>-L>.jJI 4cjjijaji ^ J-SjJ '3jj' ^^J 3ja>l 1 nil 3 xa-JaJI 3_ljjJ.I 

. 4_u^_ua 4_u_u 6500 (—Jl^tj Lt£, Jjljjj 
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il^gjjJI u-ij&jjlg 09SJI 

,jj9 3j rj , „tl SjuiVl oi 'DWy Cr* ^LlnJI »l air i aj£&\ 1971 alx: ^j 
(j I /^-i-*-3 I JLAj i 1 Jo. 3j-u£ «Lcj-*_uj Jjjijttj ( I -(j-uil «L>.L>. Jjl (_(L>JI) jJLLtaJU 
(j-aj i !jL>- 4-JLc 4a£li£ '3.i h" '"II 5j>ji/^l Jj-ujj (_g JlII (_ySI LtaAll j ' - - — T 1 I jjt 
I JU Li_Aj . _i^j_ul < -^" ... I "(j-uil «L>.L>. Jjl (Qj?c-iji (j^-J L)' (J' a.""*.! -Mj J-il3 fCJ 
' tula ^°i J-LiJ-^ ^-s-lj^' J"' L?' d^ Ij-* 56 ^ '1^1'' (_yfl-uaJI (J-lLxjJI si nlr 
4_j_j jL>. 3$-2-J Lcj-3J_a JJJJ 4JI r«-#J 7t-Uaj!j i226868 I j _& (JjL#JI rO^*-Lll 

(jljjJLj (jLa-so (_gl) r-j^j_a aLLaj jj& .226868 I J _& (OJcJjl a Ua 1 3 (jjl 
j-jjlJ ^ I i Jj^j_u 2 1 < JLljI (j-a /Qj?c-iji I JLA » Jl>^31 3 JLilo jj-o /*-"J ' ( o j '^* ' (J-^* 

u^ jijjj/VI <_Jjl!l (^Jl j^jJj «G^La djJL»-f Li£ n_gjl l^uJI JSLAJI (^Jl idSLi 

■- Lcajj Li£ ^ mmiiiII d * mi 2l I j *<~ j JLt-aj i4_Lo L^jljll^l Jsj^cajj «Lalj.i (J\ mi 

.J£_uJI (jjl 
( j_a 1 g i <i« j (j_a I JL>- 'LjJ^S 4jj.jJiJ_U ajjsJJI (J3SJJ njLp.2l (ji^tl (j^J 
jj_a 4_j_iLj j ui C (j_a J-^l OJ-^ ^-^ * ** J 'J.' *^* '-"U (jl C"^ 5 " '^il>^ ^ij'j 
jJjjJ jjI 2jJj . I 1 g-Lu J}j-ij (jl u-ij'C 1 ui" (_£^S| * J '*"*"' ' "J * jj JUX.J i4j>.j jjl 

jo^j jji OjLW ^° o' * 1 ' '-. ' ' " "*^j '?'J"0* ' '■*"* ^ <j « t-> 1— a I m'iSI (jSLol LL 

c2jJLx_jj n-i!j" i"i a j-£j-a J_y>- (jLajc-JI Jj^ 'Lp! cr^' - ^" (* '^ (jr^ 

i>J_A (j-^J * ' ^ '' c j-j>- 2l JjLLu Ls-tJ-i ^j^>j z\ £jja I it>JL>.l 4_i^ * ) J-"2 J ^-^J 

1 A^AU L>.Ljjjl i* IvxaII jqj5e_J1 (j_a 4_ajUiJ1 ' d-ilaj| 1 Lsfl La a> 7-ljJj CjLLa^tlll 

' ^j'^ 1 Io^Iaj> 7"ij-u L<ij ' (' fl-jLaJt (j-a jl i imTI ^^ . ^.all (jjjj^' l)3-^' ^-4-** c^i 
iilLI j (j-LcLJ . (' f? jU II ,jjJ (j^-ajJI (j-^aSl) j-«J>.Vl Q5JJI (^Jl JUtlill rO^till 
0-°-3 '^JJ- 5 J^ «Ljj' (j^ LTH>° ^J-^j- j J taj (^LuJI (<s^a-iJI I J-4 ' flola (jLa 

cLalc » -lLu 1 ■■_' L^i^J Lu/Li^ .4_uLlLJI ^j La -- II i _y3 j .^ ,,iUU oU-l j^l ^wjLjs 

4JLjJ3j aLoI LjLo~ I j_4j =L>-jJijJkl A^ja-Lll JL>. I (jl J->>J 'Sj^LJ (Jl^>- 1 (^JSj 

(j z tdi La^UU (j_a Sji^j LuLajLJ ' a ' "~- '{ I (_iLuJ1 j . 4-d-ui3e-JJ tfsj-Ua c_t^t^t_i£ 

<_aljLaJVLa it_tl>JI (jjs jIjlLI w Ij j La *'■ LiJI ^c LJaj ii jl»j Lajj^. i_3j . n^JI 

(JS mi (_3jjlj (jl (jS_aj i4_i^ ' fl-jLaJI 1 La a La 3» 7-Ljj-)l (j-aj . Lbjj-»_a tz-u^s] (jjl 
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tJH a se i II (j-a (_p 4JHS LxgaJl t. < i njgj (jl (j£_a_ij t(j\^t_ijtt_i-aj1 4-<^jej>.j jl JdJ 
(jl » xtaj i ■■' ro^*-i-I! ' fl-micjj Lajux. 4JLa iiiilj ^1 SiLuaVLij 2 flj-3 ' <L>.jJLi 

, 4jeia-uj (jLitlj d IS ui Q «Laj^j>. l_3jjlj 
(j_o Cjl_«ii_i JL3 *L>-jJ)j_U Aj^aJjl (jl_j i La CjJSj (^ vl ^".^Vl j>L-u jJU 
(j_a (jAjj . «Ua^>. (jljjjjl /j 1 c <3_aLcjlj i4_t_)L^tj j-a-i j^>- V r«->»J j^^Lu^l 

i(j^-4-« j-j-c j-al cLoLsJI I jl& (Jilo (jl ij_uaLj>J! oJaaJI ^^ lyCl'"! <_aj^jiil 

^j^l . ,-." rtV «U_u_uj ■A^'J L)^-*i J ' , "^" cj' * _ *"*" ' '■" 2t ^^^3^^ L^- 1 ' 9-£j! (j^i 
i<L>.jJ)jJ,l A^aJjl (jL jja-T^lj (jJLL&j . jjs-L ,<s->j jjj-a Jux. (JjLgJI pLajiVI 
_5j^?e_a 1 J_& (Jij— J ^ij <£F o -»o /j-II j-j_aS /j-Jjl f -? {*■ ' "^ (!>£■ ' ' "' JL9 
ij-UsUJI OJ3oJI ^ illiill »l i\c (jrtj JLiLuJI aUJI J>LZk:VI (jl j-lC. .JLaivl 

jLulII l_£2jL\j (J-UJ2J (j-a J O-S&jl ^J "^ 1 (—5 OJ^Sj JL9 «L>.JJ)jjU AOJ?e_ul (jl J_A 

.j_a-«JI (^ (jLjjl 1 1 "n I 1^ )Tj i(j-\_ua£L!l jLiJIj 
j-<jI 4x,j-*_uJ JJ^"*" JL9 1 o ft>JL>.t (jl (_£l ijlau-ul I LdJ J I (_^ia_ul Lajj9 Lai Jjjslj-J 

ij>.U.jJI jji^Uj 226868 I i „& jjJjJi! ^1 ;*iU 5 j ..i7TLi Lai .ji»^! <j-a 

I J_& i_!jL2j (j£. 4j>oLJ I a_ilaj| ( _ ;r 3 sLi^l-Us 2l SjiajJI ^j*-*; i ill * j'*» i I -(j-uSl 

I I j j 3 (jl i ii a^Llj (jl jLSLj (jjJI dK^'.tl ^jji£i . I JLjJlJu LijLaj r'j^ijJLl a I b>'<tl 
. l^j-ul Ll*ij »1 oUtl 4_Lliaj (^jJl j ' ' ^-' I (_II ^j?E_ijl (j_a jLiJl (j-a jLu )<_5J_(j 
i jijjj/^I ' ■ . ^~tl (Ji.1 J ^j]\ sLSjjJa (^ (jyjJj-I (JSL<I/ ( _ ;r 3 j I \\ n"i 1 11L ,_j^lJGj (JIaJJ 

. «U^>. jLiJl (j_a 4_ti_uS d Jl aja i ■■' ujSLa 
(j_u_t3_j (-j-^J ^jL-u>* CjIjLlILj i(3^L-«5_»Jl (qj?e_!j1 ty\£- J^oj-o^I < i ajL 1 1 jjJjj 
JJ_a-lJl (JjLce_j j_it La_Luj .j_«j>.| (J^- -^- i_y^\ (J_J ::E -LjJ C 1 ^?^ 5 "' J J <"j Cj^jJ! 
CjljLiJI (j_a 4J_ji_A CjLuiJ (jl J JLu iu (j-aj * LiLlII d " 5 Ja JjxuVI * iLalUl p j"' i 

2?jU 4J^v (jjSLl! jijjj/VI (_i2iJI (^Jl i226868 t j> _a (o^n-iJI ^ U , „ ^ «J3jlu 

j I '^j' a i3ji!jJ) JSLiIi (_ji^. <1>-I J) JaJL ■■" (j-4j I Ul j .'^ A Jjl Jj^j i jLiJl (j^s 'LijJ^ 

.3jij mil 3< uiVI I j*** 

jj LaXI (j! C^jib jji-T >LJj cillAJI »Ulr i a^Su^l J972 j»Lc 4jL^i ^j 

. sLaJjul (j-Iaj (jLS LaS Lu^j^a-U La_>o (j_u_uj i J)aa-ul ( i AJ ^-A I - (J-uji 4^.L>. jJI 

> I j~ it—ij'C i uhlLi 'Lujj (jSLaj (_gjdlj 226868 I j> _a j«^*_JI (jl •» Laj| jiia 
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«L>-L>.jJ1) <_>ia_aLiJ1 JJjjSjJI (JjJbelLij jng uJ| diUS jJ^ 3j-« 30 ^l^** 4ltlli^ 

i I -(j_o^l «L>.L>-jlI1 jjLuall ^Lj LiJLLaJ I »1 glr 7^>-j JLa3 aj (j-*J A (J^' ^OJ 
I J _A jJ^L^jjlII jqjseJJI «_a L>.jjj-a LoLkaj (jj^J (^J-JI (_>ia-<a LiJ 1 (jj-iJSjJI dUj 

. Jij-<-ul u.i5j j_t*226868 



Mini Black Hole j^^lf *$*H f tati*!! 

aj^?e_u1 CjIjI JLo zl >-LLeaJL1 iJLA jj-a LJj_S_u jqjj .(JjLa -ij-*-"! ' i 5-1 ^—11 JLljlj 
. Lfcj£j_a *_a 4_u jL>J1 3^j3 OJl_& ^- 4 - >3 '^J-?^ <jr^ 
(J LjIl>. 1 j_A i 3j L^_L« cU_a \£ Cj l^*-* (j-* £ I -^3-*-° < — J L5-5-1 l)3^ u '-^ :> - ' lP*4j 
<L*_aL>. ^j-* /j-t£jl_A jjLlllu) j-i^_il/ ^-^-13 ^JLc LjJj i^j^>-l 4_jjvlJ (j-*J * -^jL? 
jj-a ^LS £j Lj i-Lgaj I TtLjusj \j 4 1 JL>. j,LK-ua 4i- J - u > ' ' 5j -ij^- J tJ ^° ^ 4 \?T ■^> J -*^ 
. Jlj_4_u2l ' . t ^**' II fhZ^>* j* l& f-« ^'4^ iC ^- i ^?^' *— ^UtHJ ^^^1 
' t-S-i /^-Ij OJj_>»j 1!il (j_u_4-iIaJl £)I-(J-jj3 jj-* L-Lu L^Sj-jJ LtX I /J-U-m /^Lt-3 

" La ^3 J^i-a J-^P ^ ^*J ' ^ "~* ' 7L-LL3 2 (JlLI Ujjjjl a '"' 4jjL*_A C-t-iiO*) -ij-i-ul 

<uL>Jl i>J_A /y^J 4jJ1a t u_Lj_u I /_J|a3». 4-LiJa j 2 1 5j£LI1 •*■ ■ '^**" u jj-u-uLill ^iiAija 

i j ' LaJI g-Lolc ^j-^* ' ' (2^-* j l* "*" Jjj_4_u2l ' (-5lJ I Sj£Ls a 1 jl^Tli-u Li j , Jiaj-ul 

(^ia-oLiJi cj^L>J1 j-u_uj2j ^j-* * 1 973 aVc (-$ ((j-uLj-uSJj 4jlaL*_j ^jLjjj ^jj-i.uSL>.) 

.^y^^ ,a\\ jl_>oV1 ^ L^gj-uu (L£L4_uj_>ol3) ^ »^j (^jJI 

Tunguska Event ^l&ri^lLi ^rf 4^^» UW 

7-LluS ^j-fl L_t2_ua_ij1j «L«jLj_uJ1 4£.Lj_uJ1 4 LJJ-J_U_u jLj-ilu ^—5 4Jj-«_LLl (JllULSJu-Uii,! i 

^LLaJ ^-^LaVI Mm ^^1 Ijla ^^ . 1908 aLc ((jljjJ-3*) ^^ujj 30 ajj 

jL»_iI/2l 3*JGj31 4p^j_a jL*_ijl Cjjj-3- IjILa jJLS I 280 lj7 l\^>. l_Aj-Laj3 MjJ 4j>.L4jxa 
Cj Lj 1 j_lj>. /^-Lc /— Jtiafld 4jlxjjLmj (^JaLLo ^j-* CjLiLjlJI Jljlj (QJ*j3 ^-Jl L^jjj>-j 
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(jJlj^tj J-jL^JI jl -> a-JVI ljufc 3jJ3 ^J^9 J^J .4j>I u4I lilt ^yfl JjLjVI 

-i j i "j3j <iJ3^ ^j^^-y 'cjj^ji <3jj' L* j " »** 'jj-*L" ( < ^- i ^j (jrlLaal (JL^j 

jj-o ^Ljj) 0£>jj ' a-Ls&ja jj-jiuJl 4_La Ja-91 i ■■" i (ji^J 4(-j9j-iiJl * i^_L>Jl (j_a 

(j-o |jL>.i (j-SLIj i Jl 1 uJI (j£ *J3j JU5 La lioLx (jl *_ua->JI i_3j^.j . (jLi-jJI 
JUuj .CjJL>. La 4JLuL>. L_3jjt_jJ 3j-C^J1 '"«■ *^ u i ■■', I J^l^H^' * Laj i ■■ I fCJ (JjjLlJI 

I jut i_jLijj/I (_^i^. <_ajjijJI 5JjL>J, 4j<ilr cQjlj (Jjl i." i j frj> i LoLc j ■"■■'- a < i ,n 

IjjLaj j«J Lajux. 4IUjJI »l glr uaju jLSj 'L^K 2 * U '. 1 1 c-jj |_£JJI jLrtAJVI 

' cu « j (jL^ Lo L^j_u (j-ujJ j_lojCUI (. ij i ii'q (jjl ijLs^jVI (jl£Lo 3j_u^ 4-&ai 

• JjJs <j-a «L«1«JI 

lJ J2 sLtL (_jiU.I *J J« LaJI j_i>JI (j-O Ij j iS IjlJLC 3_UjJ| ojut CjJL>-J JLSj 

(oJ Lgjf (^-L: cJj> iSJsjJI ^ ajj^l 3_<_uIjjlII <j£-tj iL^K jLsiiJVI asU;« 
ju.L->JI cjLSj_>o (j£. cjLiIlj idj<j iU di^ A i*i~ ojL^ LsjIj 4_i^j_u cjLtai (j£j 

^Lj^Ja c.)l utaLUI CjjLj .<jJj_uJ! (jjs LLoj 4j2 jj( Vj ■»■ U , ,.tl O-so (<ul jJI 

(jLi ijjjij (jjlj <^JLijfc tl)^\9 • " ' "^>^Lj u^ iilJL3> La (J^>- tLiJLLaJ I »l <ilr (j-u 

. jLrtuijV! V^jj-uJ jLajJI I lA J£ ilijo.1 i JjLa cdj-u (jJI J-»-JJ '■ ■ I u ill 

(jLLLtJI <3_tli£ La j_a i Is ( h^j>oIj (_b cjjl>. La j-u_o^j (JjL»_] ^lj cjjl>.1j 

(_S (4jt_j_LLaJl) 4_Lt_4-i (JLoA (-^ (JjjL_uSj 4_»-aL>. (j_a (JVjjJ (j^ i nSL>. (jl_jS_LaJl 
j_A 4jL»_aj z 1 >■ n ( u (jt (juaJJJLI 7c_u3jt Jl^B . I 973 ^L^. ((J^alji) j mnin j g ■"■ 
(— Jl^ 3e i tM la fl L-d^LtaJ IjJ^ jJu-saJl (_5 «L)Lc. J)jj_oi ' i S-U (_p3j2l a I Jia i a I 
L oJ—Lcj ij-jJJLxJl cLLiLa 4_j_]j)L>. 5^ 4Jj ^**(0j**( f i ii tl (j_a (j^o_jJLa (j_a JL>.lj 

L^j a Jia i a I i WJ-La jlj-iJI 4x.j-*_u (j_a j-jj 1 <Cj-*_uj 4_lusj 2l SjSJI (j_a * ) J-^' 

. i\ i<-iiitl (^ (_Jj^i-l 3j_o (_jri"-->.lj i LgSj-o-l j<sj 
i4 j 'OJ^I *jjS_!l j^>. (_^ ,_5_^3lXJI J)jjj/2| ' ■ . ~ll I Jut Jjj- '-. ' 1 1 "" J^J 
^ jr l\ -I < V» A 1 1 jj^a iLcLajul «Lul 3jj^"' U5^-" J J j J J^ = -^- 1 '^'' I J - a <ijj^>- 
I flilala nij^l 5>a J>Lc JLS Jljj^iVl i_t2i!l (jL Ij^JjJ (jUUJI J)Lcj .(jlajVl 
Ja --^j i VI <i A 50-40 ,_p3j_c. Jo j. jLLc (jJaillaVI Ja-taJl I J I 1 ui JiinJ (jjs 
3 j Jaj? i^j!j-& cJijUs- JiJ3 4_il JU V 2 SJa-UI ojut ^J . Lij^. 40-30 JjJo 
t__*S^S a I J la ■ a I (JLi_l>*I (jt (j_a fQj2,jJuj . Ja_j_>JU (-^ SjuJUJu < " * I ) \\ La i <a I a 
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>Ij>9-ujJI ugj&llg 09SJI 

Jl)^L>. j^ i -^ (j I 2i I 4^1 J "*•**' ' " d cj^- 5 -i^- 5 (Jl <!*"*■ I 3-A 4 JJ^_<_ul ' ' ajj j^pDj 2l 
2 JL>. (^paj-tzjjj . lj-J-J-a lj-al JJLu 4 I JL>. j-jju-a Js^_4_ul I i flj j-jjQj Is ( ii^-joLJ 

uj-S-u I (jLS jJ iijjua_j (jl (j-SL«-! (jl^ (_g JJ! Lib 4^1jl3 iijjL>. La jj* I jut (jl 
Escape Velocity i^j^LaVI <Lcj-<-u <j-o J^l 2lcjj^ij <_P=jVI ^1 «-3ju! jls jijj-uVI 

.S(,_PajVl 4-U->L>- <j-o O^Ls^U 3_aj}UI S^j^JI ^1) 
~ La i ■■ J J)j_4jiVl ujJah tl pl.i U .^.t jLnji 2.jtVa 4jji£ iljjjo. :5-iL».VI 
LgjJaLi w a J 5j i "j i ■■ (Jj 4(_4jjj>.i Sj_o » I i a a 1 1 ^1 L^JSjJiiej (jj 4dji*r->j2l 3j£L!l 
fi "' J ' iij .4_LjL^JI 4Juuj)L>. 3jJ3 Lajij-" i no 4J^>. (j-o J>ljJJ aL^-III (j£ JLs-Ljj 

j^SLIj 4 jijj-u 2 1 ' . iJLul (<s^>- j * *^t lilt ij Jj^Ia Cj^j ( _ ;r 3 (_paj 2 1 i_i£j£ ^L^IlJI 

(^ J>j-4-uI u^j cu ■ ■■! I j)l 4JI (_gl 4=L«j*j>. j_j£ I <iK J>lj>j"n .i p^lluVI (^ 43jJ3 

. 4_j£^Ij (jSL«j V j_al l_Li£j£ - 1 alia. I a <4 j'^j VI l-H>^ 3^J-° 

JJJJLs. (_gl) 4±jJ_>JI (j-3l (j-o f-ij-ui (_gi r-jij^s- (J-S--4J V =*— J ' (jVI j«JjlJ (j^e-i^ 

j)ljj.l ,jji (djninll Mjiji/Vl) 41LLJI w ^>" <jSUj ■ ^< (jSLIj 4(j)jj^Vl i_42il! 
I j* t-> , ..lj i jjjiLaj (^h-" J-jLjj/jJI -}L*jI juki ■ ■■ ' (J^ ..4L>.lj) *-3j_ij (jjJI 

.SsljjjjjJ! ^—i^afi]! (j_o iiJaLlaJ! jji^. (Jj L.aj«J I 
I JL* ^ Ir S-iLvVI <j-SL«j ^"i-v-3-tai^JI LuLp. ^-Ljtslj Vila jo-LJ 
(^1 SjiUI (j_o (j-Ia (j\-j^M_ ° ^-*-iJ' ij-° '-r'J^i * j0 (J^^*"- 1 (j 'i n i~itl (jl .(JIJjjJl 
.. L^lJoLi ^ lSJ-?^ eA" ^Jjlj-*^! ^iSJ-^l '"'^ cLa^il ^sjHJ^ 'SjJIj (Jl^ 4^Ua 
(jJo 4jLo (J^ (j\j (j^ djl (_jj| '/.I (j^j J^l 4 (j .i ^ i*itl ^yfl O^icLalJI aJJb SsLa^j 
(jlII 3j)UI t^a dilj) (jjLiilj .4^LU (jJI Jo.|j ,jla (jx J^f J>=eJy 43j)UI (jx 
. LAjLl^JI «:Lli)l 4^LU 4_lcLl 4j)jjj/VI i_i2i!l ,Ji.lj) (^1 3-aljJ) JSwiiiJ x^JLij 
tSJaLIa (jJJ Jj^tlij 3j)UI 4>JU» (jjo '/6 ^J!^- (jl iZjLuljjJ! Cta «>>_gl JLSj 

3«Lfli jjjjil J)j_4jiVI ' . i 5-lII j^j-o (J^-l-i jl-^-" ijj-^' -Di 4-X' (jLa 4ji- 1 (jJjlajj 
3_jjlj^»JI 4jjij-iJI o^LcLolILi SJjLlLLi 44^LL (_jJI 3j>U.I Jj^j^j (^i^. SjJ^j 

3jlj jJI j-;^. jiljij [ ii tl * la^iJl i a6J1 d iini (^Jjljjj .(j no ilitIS - la i ■■j" rt (Q->»J /^-a 

jjje I n, i" t;r lJI »lj)j i nil 4_jj2lll (j? xJaljJI (^ (ji^Jj Stationary SJLililJI mjI 
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(jL jj't^j dliill i\ olr oJjl>- 3<rnjJ,l 3 j-ml!l ojutj . '/43 tyJI^" 3JaLU ^1 
. (cjljjIjSLII) ajj*jJI oLji/i 3J3LtaJL> -sjijj (.^Jl (j,-* '^oj-uJI i_sjJiiiJI 

j^j-a fjst }LjL& Jijj-uI Ll2j cdLuk (jLi JjLUI i^IjJ! Liiajl sUJjJ! (jiJaLjj 

> S a . (j .I <i i"i II 4_Lj^ Jilo Q^iLa 4jLaj i aVl *j ■'■■'- (j-u 4j1jj ?-4-* ''-"j^*- 

3_j^_j.}Ij . "«l <>» ■ i J'C i"i ( _ ;T i^. 1 4-2ja-UI OJL& ^3 2al Ult ji./.» -^J-J 7 1 ' '**" I 

.£lj-<3_>J1 0->iJ d * Mil J 
£)] jj-^-4-i ' fl-tSLa t L_ujjE_a ^Sj-a (_a (J-iL& J^_*_ot ' i <b i_£JLL& (jLS I jlj - 

. S«Cu_uljJU ^3-^-1 
i?lj_«^>JI 0-30 sLkjI/ ^lj SjjjjIjJI '"«! ua jJLJl (ji^. (JjJ-sjju diiill »l <ilr (j! 
LgJ J_i V CiLcl » i'iVI OJL&J . Lujjco j^J-° C"^ "-^Jd ^-^ *J^-^ -i j^l U<~V 
?lj_«_>JI 0_>«J CjL>-j_LI (jLj »l o \ ■» T 1 (_^a_«_i JLS JL9J , 2al Ull ji./>a ( j_o 

V I jut (j^Jj 'lt^J^i J^*-" <J-° 'L^La 3jLajji (j-o j ' i aj (<1jj!j_>J! cjL>.jJL!) 

jl jill I jut ^ SjIjjJI 3j>.j.} J-SjJ J-oLc (jjs JU V il 3al laJI j J i a a j mij 

dJLLa J j a .*lj_«_>JI o>J cjL>-jII jIju-oI ^Ir Ij-iLa (jjSLj (_^o- ^jSLII 

J_$J 4_^LLaJJ \) J La rt ^j^N i (jl (j_£_4-s Luj^ca jSj-a (_a (J-iLa Js^j_uI < i <Ll 
>!j-jLi i JLJVj-lo 3_*_aL*-> j-jJJ ' "jjj^ w ^^^ («JL*JI aLs S3JjL$JI 3-i La- i .ill 

Gravitational 3_ujL>o CjLj-j-o Cjju>.j jlS£ . 3K iMI oJ-& J.>»- 4 'j^' ^j^*.' 

01 j|j La '*->l Ltjl j"r 1 (jSLjj CjLvjJLI ojutj i Lujjca j^J- 0-° c^^ Waves 
* II i la tlal ^_A LuaJI g-a LaJlJ g-a cajl cLcj-*_uj ^ 1 La u /^Ji 4_u!iL>J1 Cj jbt« ^_a 

. (4_u_u_jia l_Li_a^flj_^S d * j ■ La j j 
La i_3jjlj (ji^ i(j ii g i"ill j-o^ JU5 »J J7 - " ^H5^ ^LoLc dJLut (jl (_p3j^ilj 
(j^j 3^1 i ntl » La 5j (_^SLI - j i a U aJ^U! Cj^jJ! J-^J i^Laj ^Lsj Jjlj VI CjJLs. 

(_L^3 (3^^-^ c^L*-* ^^ »(_j ' «a3 Q '" > "J l lSJ^-" t ^-'- i Cr^J 'O^J^'j (J " " '"'^ 
4_ujL>JI (JLsjs -I alj. I tijjjj (jl (_L^a ,_jSL3J (j-iLa^ j -a" i nj .j-LajdJI iijjJL>. 
^1 L^^Uajlj L^J^a- (jljJjJI (j£, (jlsjVI i_i3jj ^1 (_gjjjjji Lx^a i(j .i <i ."ill 

. f. LcaAI I (^Lo-cl 

JL>.l_u_u i(LULLa (_a (j no Mill g I £L>.lJ 4_u!iL>Jl * ) I IvLa-L^a I (jLa ij^>-l iyJJLA-^^ 

.(^paj^l c_*£jS (_J| (Jj_t-a^U g j ■ a 1 1 4^jJu_*_uj (^jJI Ot^JI ^j "" I 
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. p. 1 Jij-i-uJ 1 < *j 5j 1 1 ^—3 4J_> Lfc Cj Luj£Li 
aLJ3L_3 4<4_j_jJL_>J1 CjL>*j_« » i*m ^^3 4_j1 ♦ u 4-l«_u3 (j-Uj) 4^_a Cdllj 
L-Aj— i U-SLj ^q_j CjL>.j_11 £J_A -Jl .^**<- .. V A^_u_ajJ2l (j-* ^j-Cuiis-ua ^**' J ' ' 
i^JLa j-Ll£^ lJlJI jjJIjj^ ^" ''jk* ' "VI J^\jLa ^A- 5 ^ LuiX 1 CjjISj i ' ^ LiJe ■ uja 
. CjL>.j_11 (jjS (J^-jCLj JL9 g.1 Lea-All jj-o (_)Iujj_Jij j^l 4-JljV l^JLI Ji^ 
(_P=>j VI u-tSaS ^-J! /^jLj 4_u jL>JI CjLvj_« jjt (^j-jjj) jqJulII <-_ijL>iJ Ot-utj 

OJUfc tjr ^ L)J-^ L)' <JL»<a_lL>.l (J-*I "* ^ *3* a 4CjLaL>o VI J£ tjr 5 SjJLlI 4jj1 i iila 

. (J-iLtfc Js^-J ' - aj d 5 La *' 1 1 

Jj_*_oVl L-Jifi II I J_A JJLo -ij^J ^ If *_L>L3 J-jJ-i jllalul (_^ dJIUI g.1 <alr 
. (*_)ljJI J LcaAIl ^£ (J_Lua^lJl_i j-aVI I JUfc ^Lal Hm) Lu j^?c_a j£j-a ^^^ (JjL^JI 
?c-a L>. J Lti* Jsj^ca 4 * 1 J13-4-U *— ) j-Sj (Jj>. 1 _} I $\ ^ Lj Cj \jsz^a j W^ -5 J *-*-^ L -^ J 
Cj Lc j_<jj5c_« ^5 4_uj-« j_lC «djl_A CjLuiSLi -i1j-« A^^J Ct"^" (J^-^ ^^lA (j^J 

4Jj£L« i4_uj-o j-lc 3_}bs Cj1j->iI1 ojla JJitluj Clusters of Galaxies Cj1j->J,1 

. 4_4li_*_« Cj I >sbljO L4-IJ J I i /j-J^j J LlC J Cj 1 j Lc jj-* 
4?.1jijj_u <-_)j^j jj-a <Li^£La i4_uj-L1 J-^ S^LLI i>J_A (J4j*J (jl (JL<ilL>.1 lLJLLAj 

.(jftSjl 1j_A ^^^ ^j-jSUI 4-j-ctilII (J3^J L^ * a J 

» *" S * jj-a (_pJ LuaJLc, Sja-lSjO 4_aJ_SJk1 ^-iLliJlj - jj*JU la IJ| d^J^'^'' J-^- 3 <: ^ J>fc J 
l_J Lse^Lta 1 3<_j_<jj>. jj-a ^ 1 j ' 5 a iyJt^ t t^-CnTu-b t > j 1 uJiJ uaua. 4_u j L>J 1 4jjJa_u 
^LaLS (j-*^ » 1 Aj-m-J I ' ^j 5j j I jj-^ C^AJe-LJl J 4<Lal_C <Ld-uaj Jijj_uV1 < - 5j 1 1 4jj_Iaj 
L^JajLJ (^J-^J ^J-^^ <ijL»_)t ^—11 «L_oLo 4j>-L>. edLLA (_Jj ijjljj^ 2I jj-a (JL>* (^Lj 

.j^a-aLiJl ^-j^SJl jJiili lJ-A ^JL«_a •*■ <>n**'" Ly^ '^Jj Us'tl 4_u^£jl 4^Ljj-LflJ1j 
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i(JLj_>J1 jj_a pj-" frl-Sp (.nil * la-d-JI J-al jJLu JL9 

lUtJ^Jjjla^A La Ji (2>C 7" ' ^^' 1^-3 ^LtianJl (^A-^9 
( _ ;r l!l jlj_<j/2l (j-o j_uSL!l (jiajsLiJI (jjSLII (^ (Jlj Laj 
< JLljI ^—11 j la *'' (2>S-4-i • JU JLiL ^i_ka_u I Jj'^ l_3j_jl!j 

^ 5_SIjlII 5-jj1 o ,,itl *l in-wVl i_jj_c.L^ jj-^Vl 

I j'a \l i^aj La JS < j" U 3-J-)^ a t -. . - — .X 4JI —I ■ V. A 1 1 
4J3j^a- i n U jljj,l Lg-j £, I "1 <i" (jl Laj 1 L^jSjjJa ^^fl 
(_,!>. k-jjj^JI ^ J* I ^1 L$] (jj^j V ^^o. 3_L<ii»JI 
jj-a J a * 1 (j| * j Laj 1 ■■ i 21 4j9jl_>Jl «G£,j-*^ij g-a-LgaJt 

LlILc tiJpJ iJjj-uVI (_Jii!! (^Jl 1 la ; j j La J^ ^1 

4SL!L>. 3_£L-u 4jSLUi3 Sjjir-10 Ji-l-i ^ jjVI ^1 
(j-3 L^jjJj jJs f>^=-<JI ouL^ (^ll! cijIjLiJIj jtjit 

i."iUL>.|j i." 1 1 .iJlS^Jj i-.U» . V»»lj CjjL^Jl _L3 1 r I <JaA] I 
jjJj i4_u!il_>J1 CjL>.^o-o (j-* ^ 'J &J Cj 2[Lstt_aj Lg-mAj 
(oJUJ 3 j 111 "<ILa dili ^aj . L^J^jv La J£ (^ L$J 

» I Lta-jJ I ljr £ ^LaLc. I_±£Lj_o£ (jLa i LLi^tla j»jiL>J,l 

j_Aj J-Al i ii ) (j-J t»1 Jj i n H * «j d-JI ^Jo*\ aJuLLtSU 

219 



yj-LaJL dJ mo" < _ y nJ1 i5JjL^J! <_i jl>J! SjJs (^Jl j-^-jj iill J j_^ <■ ij intlj u^-jLi. 

<Lt»-ulaj| (jul^SJI 4J9^LLiLi tt n i n"t L«x. Ij-jjj (J-2j jjUIs jJ-Sj VI tt n i n" ^La 

(j-o «j-^>- (j-fl jij-<-u2l ' . . y.tl Ji.|j *-1jjI j^s isLajisJI (_j5 jj* L«_Lu cjjl>JI 

.a^iMi 

IJlJV 3Jl_j_*_] tJJ^J Lcjilc i<3_i£Lt_u «QjLS JJljJ frOfl-mJI * la-Axil O-lLS lj|j 

jjji -I j~ u L^ji i>j) ' I j*" Lblj-lsl _uc L&j>j-«j>. juJ3 La (jLcj-u/ L4JL3 , Lie 

^-lo^-dt^e-t-t-a 1 L^jSLj fl 3j L$_La «U_o J*£La ( i 3-> tJ ^ L^J L^J I LiLx . . L$_La ^J JU $.{- mi 
j^paj-jLj ^JLgJ L vl (j! .^j-j>.i a^j>o CjL^jJ »l Lga-dJI ^—b SjL^a 4-OaJU Jjlj 
^jt* i Jj^j_uI ' 1 as d U , ,.lj i ^1 j" tVI j y ^\ i L>^ ) J S" <^$^ (j"^* J' O " ° ' 
1 aj aj II i-j j , ^ 1 1 I j_a JJLL I i i>ij-*j «U^>jJ3 (j! dltj) . ljL>. Jj'i'o (JLii»-l 
(«->*-) *_»« L_Lalj_t-a f) Lo- I Lv l£ ^-A-Jj)^ S J 1 (—3 Js^_<_ul ' 1 AJ Jjjj-La ^-5 3j-tlul_u3 

. Luj^3e_« jj-a » ijJLlL] (J^selLa juJt-us 

1 * j 5 J 1 1 JL>.| *_« LLoljut-a cLt-aj-b ^ji lillajl »l <i\c ^j^* i uO- 1 ''^-^ ^-*J 

, J ? >V i<gl Aj^.tl j A,ljUtl ^j>-» j lijjjo* (j_a JU V Ltjllcj vijJLso JLS i«l Jljj^JI 
( _ ;r l!l (j-tb OJUtj i(_p3j VI c. ■ ' ■ aJj SjUJ-JoJI CjljLa^jVlj 3j_aJ-U JjX>^' J-^-° 

aA I ) J I j la >■ J I Ij-A* ) >-^ J LijJUj 

4jJ I 11 ill (jl iljjjjj L4-0 ^jl ^lj)j-*-u ' )^2j Lujl5e_« ^—5 Lu^>. tJ^S3 JL^j 

i(jl_«_oLi (jjjjJLJ (ji (jVI I i j 1 f c-t^cJ (_>^J 'Lr^ 3 (j- jl^"*^!' I J-#J j_Li>^i (0-1 
K 1 hjjoLj ^jh I 908 aLc ( _ ;r 3 iijJU>. Lo J)jj-uI i ■ ^" )«_a a I JLLa-La I iJlijJU*. (jl£Lol 
L«Ji-3jUa_lI.I CjLjVaJLi !_yd\ 1 11^" sbuaLaj (jLiSLis (jLLLc uJjJ '^tP" ' W^.'J ' "■' 
ijSJ\ ljU>- (j-^aj) J)j_<_ul ' . ■ ^ j (jjj.ii.l tljjLjJI dJJj ( _ ;r 3 4JI-(_Ll3 (j-o LJj^^ 

.(_£_)j>.| 3j^ f.\ liaAll ^1 j)Lc (<u Lcjj^ IjL^tjjl LijLajj i=Llu3j^I 

gUCj <a "^ti,! r*jL>. j d 1 till 1*1 ma (-r^- tj'- 1 - uj ^'' L)' "-^J^ L)' *— ( - 3e ^5 

^1 1 1977 (cj|) ^..U,„At ^ 2-j^*J_ai 3_^>a 3>Ual ^-L>Jl Jju t 3j 1 ,ifl u,\\ 

f\ CaJil\ L^jJjjSLl! jL>>Jl pjijl cjjl>JI I jjt, (jL^j .3 ji .1 <i Mill 5x.j^j>J,I ttjL>- 

i_j£j£ 3_J^ ([T . * a ) P LUa-AJ I (j" niii 11 Ja^j^J 4_usJj(JI 4_uut2l Lai i(jVI (_^i>- 
(JLu/jl (j-Aj iJLpJLi 4jjI/I t_ujJ3 OJ3J (^1 OuL^ isLLLis. ( _ ;r 3 (JjiSwlS iTcjjJil 
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pLttoJI !^a Sxuao 

C-tS^aSJI 1 J-A jlj-j-ul (j^. it-iSc UJ t»1j^a->J1 TcjjJJ (^^jt /^-J| (J-Q LS (J-lL->o j-iljtt-a 
.^paj^l c_t£aS {-J} «Lo_l9JjI ClLa^U 11 (Jj_ujjj (__)Ja^3 LiJ I 
jj_c (jl_«j<_iVI Cj2jL»-aj ijl \j <i~ i ii Li JLjI^jj <USLLa] I CjLrtj^l 4cj_<j/ (jl 
.«-j!jJ! (jjSLII I JL4 (jlf i_2jj(iLI 2JjLx_o lJ £ jljJaLi aJLojj Jljj La >LUiiJI 
*Lcj_«_>J,l TTjLi- j A , „ I 1 Lij'zjLa_o (Jjl w j '" 4JLL»-o 2jjL£ CjJL>j JLSj 

» »j aj ! I JL>.2 iCjJ_>J1 Jjisl (l^-'-i LaLs-s 9 I '^ a «LLloj_u f_alifcj (jL£ td j i n i"itl 

4lajjj>. (j,!^- Sj j La -- II <UjI LeaAll tSI LaJU oJUt JLi^>j_i (jl V^J '^ • £lJ5" u "' 
^^Jju V I j j ' >i ' J . sLiiajJI Jj a-C (_y3 Lu^L>.j (_y3 I j j ' yj ' (_^>- liUij i4-uLiii3 

LL dJJij I glc 2 « 1 uLui ciLal um ^Li^l jL»jjVI Jj iL^Jlc i_alj^sJVI -Sj^*-o 

jl_«_ll I j (jL£ Ijl VI ij j ->■" 1 11 a j_ol (j^SJy J-*J Jijj-u^I ' . . *"tl 2jjj (jl 
Q^_jJj 4_iLc (-1^. (_£oj->*j SjL^-La 3j^?e_a (_p-a sLo^^* f-Lu (jLS ^oj (_IL>.j . 4-pLLfl 
(j-L9 i^L_iL& J^o_j_ut I laj (j^SHJ a Lj I ^ * Lea i (_3 fydgigj (jl (jS_4-s (-HJlj <&->*-> 
cLLS-La-La ij I c jjLlil «j_UaJI SjlaI utxj (_gl-2j.}L*JI 4-2jj_LaJL] 'LILjJ O^"- 4-1 
4_Li-l.i (^1 Sj Lflxl I el\X\ (j£. j ''"' (.^Jl CliLcU uiVI 2 La 1 ul aj J;- w ^ 1 ujJI 
(jSU-i 1 Jijj-uVI t_Jii!l (jL£ lil I of Jjl in'itl ^1 IJLA Ljjlxjj . 2-olj.J J'C hi (^ 

f.\ u±al\ ^ jiiinll J j S" ma (jLa i(_Lui!l IJL* (j^o JjJj tiJLlit ,jSLj «J I jLa 

(jl i_djj_) (jl < 1 se j^j ,j-La_>JLj I fla -^ as rt QaA_j td j i u <i i"ill ■^Cj-aj^m T'jl^. 
9-lj-ut (_gl A I j~ II jLLilLlI (_y3 Jj» jll »l ■ V»*tl ^^3 LU 2 j ia . ^ ' ^ i*l . ** dJLut 

t»^ 1 nil IjL^J (j-^ ' d a j 1 1 tj^Jj .Jl)JL>JI (3^' L^l i La^j JL>* (j-a » ) J-"i J L^-il-* 

Curvature of »l Lea all ^yiseia (^ SjUi^o 4jI -1 '-^; ^J^y ^ijjj/VI c_j-2!lII (jLa 
.(j^j-jLiJI («JL«JI «_o jjjljJI i^gl ilijjJI ,3^' £J^ 'Space 
(j) ' jj ' -~" (J^ 3 J ^" C~^"^ 3jLu>J1 4Hjj jLjtj J^j-u^I ' ua-u\ I JLA 3<_i_u^jj 
4_i Ja-LaJL I plj-ill Lx-iL^j iiU^>- (jjs 4-ujjj p I LeaAl I jl ^jSLII plj_i!l (_g3^ 
^\_Lga£ jl i L^aJ-* LcljJS (Jjitlij (jl » ^'^**' ' " 1 21 (Jj^jj . ^ uiAj /^-Lc (-JL^-'uj j^Sjj 
(_b «Qjt_t-i3 Ci t"j 4_) Cjl_t_u (j-O uu ij sLaLaul 4 j 1 1 n ill 4jj-La_d1 (j^-Ij « L x l s e- L q 
' ■ ' **J~ ' " ' Cr^3 • (4JI2SLII I JLA (JLtcjs i."i 1 njl (j-^j) '^J^' j-4l^LaJI <_>^ajLj 
(C_u£Li_aJj j>jL_ux j-lC JL^J ^j-us (j_fi Lcla-m jj < aj I (jl I nlr i(jj^_Lo g I Lea3 3j£Ls 
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. La s-iy-uj (Jj^* l£J-" 'J (j - ^ -3 J * ^Lt-tiaj 2 I 9- LjJt! - ^ ( -^ J 3^ tyLut> * <-_ SjJ Li, 1 

^-j*^>. jLi-u-a ^JJUIj La-Lu) iC-tSl^SJlj CjLpLjaSJl jl tg.1 uaAII ^ a - ■■ CjIjI J_a 
' (_5-C cJLjj I (^paj VI (j I J-Ij * O^J ^ 1 ^'-tJ- 5 -^ "-^ 4-LaJL ""j * 1^_^J 1 (-£ 4_i ■ ai i 
(J_«_fl_) j—JLseJLl £)l (j_a 2i JLi r"M ^" ' ■■ A i_Laj>. ^—b J) idj-iZuLua jl5e_>J1 ^.LiLJl 

Lb I j^Paj-^ jJj * £.Vist-i zl SJluIu jj-oAJj £pL) fQj ^jlj-Jsj-i-u^/l ' t-S-J I ij^>- J-A L«S 
JL9 L-Aj L<-a_a (j I ' *' la -^ *j i^jj-SLJI (j-Q-C /--3 p.LJa£ «LLloj_o jL_u_« *-jLu LtS 

g.1 Ja_aJ1 <LLuL u f-^-i *^-)1 JL^J OuL£j < L^JLjia ^£, csIjj^jVI 1 JLA u-u i uJ £)l 

. . . 4— t-L-AjJl d j *1 <>s All 3 Ju-L^aX I l_ 1>j9 iJJj^tlij ^ u.a.uijI £JLA (jl 9-A it— tJjJul 



Black Hole Rotation d£ri f tahft«Jf £l j$ 4 

..<1_ljLLJ1 (j-* l^V*- ?*-Lu d_ul_A <d_cj-<_uj ^ mAj /^J^. jL^-i- 3 i^-LLau ^—5 (^jijJJl 

tjl ?t_^j_im (j_a tJJ-^ 4-JL>J1 aJJb (JILa tjr ^J .4 1 rui t J^>^ 'J- 1 '^ (*>T ''' OJ^ 
jjJU LaJ-Lc Lal_4_i CjJU?c_j IjUfcj tjl j g >j| _}1j 1 <a K itjljj'-i-ll IjLA pJ-*-"J 

. <Lo-m3>. c_<jL>. ^—11 4_t£.1j]i f^-Lgaj LaJ_t£. pj-<_ul 

.J^-^Jll (Ji^l^ **^'jj (c^e-J1 3^Lo w ^**' jcj j iCjj_>J1 Jj^t i_tiiGj Loju^. La*1jj 
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cluxoJI igS Sxuao 

(-lllj 4/Qj?E_ilI 3j-uJL1 Cil <i i nil (Ji Lai . r~ I Lga-AJt <j£ a a < Mill 1 JL^j j_$laj 4 LI_L»_a 
Jl-AI ui I 4-j-m I TLj L&Lu<-o J S aj '"'I a LaJl oJji (J^ i^j^Ll^cSL!! c_j-pjHJl jl 

. ^Li^jI jL$Jl (_g Jul p 1 n->JI 4 »j iU (_^i^. 1— 2jjCLj (jl 4JSL4J Vj lu^jLi. 

. Jjjj/Sl 1. _i o~\\ (Ji-I J CjLjjjjijjjJIj CjLijjjjjJI »l aHJ-b J) I <*ij j-Aj 1 Lut j^jJLi 

l_L& (j^e-jj .SjJJI 3ljj oj^-^ ' L«-° S^Lc f-gjeTij cj LJj^j^jjJ I j cj LJ j3 jjjJ La 

.^Ji^tljl JLua I^Up* L^-mAj Ja-A^o Lulj]} 1^3-1 (jLj 4(j-U2jlj L^J^ H - "^ 3-5^ 

4j^sL>. Sjjijj d » j 1 U i-LLb.a-1 i.'itmM 1 jijj-uI LJu cjIj jdl ojut cJi. ^ !!il jjSLJj 
jl 3^U^V U If S-il-a 7- .■ ■^" ^1-3 i(iiJ^»JI (j-al ?[J^* jukLJJL 3jmitLi) 

jq^>.^L11jj CjL*2.1j-tiJl [y mi^LIljj i4_jjjjl c-A-pl^HJI j I ^ u a Cil la mJI /- A"-»" 
^j^-J i4_jj_A^j>-j Sj-jJiS JjjL)"^ ^ j J ' ^ ***' ' " ' L)' I - f ^J^-^J .Cil oj 1 n-»Jl 
Ji^>.^JI jjjJLuljia 1 1 JLoL>. (j-ajJI 1 "*_' <-i^p- s-^Ap' U"^l ^U^J i_3jjm LilLc 

.4JljjJ icj_<j/j ^ijjj/2l L-cSxl I 4]jS ifljjLA (2jSL«-LI (j-o (jLd i4^Jj 4 ijii 1 nil 
Ij_u^ La^Lli-l ' allsej 'Jj^ lS 1 -^' ■i*J-«VI ' . ■ ~ 1 1 (jl 1 1 J-A (j-o ^j a I "*• ' J - 
1 . 1 j a-iJ I ^^ l_i^3_j| Jljv^j CjJl^>JI ,_^3L3 .dJj^tlLj V OuIj Jjj-uI ' ■ ■ flj (j^. 
dlli (j-o cL>.l 1 no jJLi^si iSj-ji. ^1 3JL>JI 0JL& ^^ (jL^ (jlj iSjIjjdl «:I^jjjJI 
Jl) J_>J1 (3^1 >jlx^3 jl jJLo l < t uLujj 4«QjLuI $.\ £a 1 11 tl » *j S-LJI ^^^ (j^Slb ^ Jul 



jl) Ergosphere j-liLj/^vjVI (<uj/I I gol^: (jUal ju^/l ^1 I j^'a a^»j (<s-*-iJI o' 
(Jjl jJ_ij I_Lj»j 1 Li£L-u (j-ojJI 4_i£ ' kSj (_gjjl ol^' J-^J i(4^LLaJ! cLalaXa 
Luj U^ iJxSlmXI (jJI (jLi^jyi Jijj tPJIj Time Machine (j-aj-!l 5JV 4j>J. 
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il^gjjjJI ugj&llg 09SJI 

cjLtiJI jlj>- (<s_<-ul Lg-xLc (3-Ua-j (_gJJ! jjni ii^>.jVI <taL>. (_^i^. 3Ll>JIj 
2_3Lx_> 2 Sl.-.t I jIU-^VI j^a >(_jjS) ^/ a (j-ujJ 2JLLa_La ^^j Stationary Limit 

,3^ I j j-LOjj^ajvjVI «!j^>-! (j-u j-«jJ! (jLa ijojtjJI (J5L* jL^il.1 r«^*-iJI o^ ^jj 

Jl) JL>J1 (3^1 (-JI ' '^J^ I UJI j Ia3> (J3^J (CJ (j"*\9 1 JL>- IujS ■- ■ ' ea 1 JL3 iCjJL>J1 

.(jSLxJ La JJSl 

4_Ji (j < j j U 1 1 (j-aj .p<j iK-iir-<q (^ (j nUtl JLpJI «. Ll^T L$Liej eH-" l (j-°j-" 
^—11 3_^aJtJl A-i^ju^s jlj^ILi_u IjiSLaj .j-iiLo^xjVI ^Ji-lj jj_a * il^lSzl * ^^-J 

2JjL$J! 2lujL>J! ^IjLoJ 3 jnutLi 2 .^a^;1I 2_uiL>J! ^j lCT j>-jLiJI ^JUJI 

. s 1 J)^ i nt 1 » «j aj 1 1 

4d$UfcwJluljAll Ml Ji 

LaJ—Lc A d la * 1 jq_j ^-a^sj (QjjeJJl 3 JLALiu^ 1 frj i^J-j-S (j_a 1 o (til i i ii^lj ^CtiJl 
3.}La i.niiii fiLua^ 4_Llqj_o (_3j^t_u l_ a_p ^ la 3» >l rt jt ijijj_ut ' i fl-1 ^-3 jL$-u 
£)] j| . (2rLi-J i*" J-±£- L) 1J 1 o it> Lc_i! 4 LtpJLAi Ltua J^S-cj z «:1 J^_*_o «L*_uJtS_a 
3 I »"ij La_ii iL4ji!j_iII ^^Li-o Liiai i JU^sljJI ojSLj ^1 ^1 r-Lljo I 1 j * a Mi 

ij-u_a£. j-ai 3-Aj i ■ ^ i£ t."i"T- U (-r^-*J ^ I LaaAll ^—b »1 JiJ I ii II * «j 5j 1 1 tJ^^J ^jlS_a-i 

7t_JajIj . ojSji (3-a-C ( _ ;r 3 L>-jjj3j J-^' CjLa)M-C j^c i.Sf j i ^1 i^-^*J («J (j-°-3 
i . I j S j I 1 (jjSj Jl^ C^' 4 1 <**i "»■ 1 1 CjIj-uQJI liJJj jj* sU^. (.''it- j l (jl (j^-*J La 
I gj->j«jj L^j ''--j— i (jJ-II A^*-Ll! (_^^ 'yl LtaAll *L>-jl (_^-3 3_cjjJ^| isljijj^JI 
aj_& CjJUta-J/ JL^j d aXiaJL I CjIjjJ.1 (Ji-I J ( _ ;r 3 4jiajsLc. =L2jjJaj <_1Jjlxjj 
- la a. j I Li£ Elliptical J*\ ui II SjjLiia-u CjIj^>J,I ^ 4-i^\J>. 2 gj^aJ Sj &LtaJI 
ji jLiJI (. i •> i ii (j_a cLjJLi. L^j 2 iCjIj_>J,I dJJj ( _ ;r 3 4_uj-a JJ^. S^La -}^>-J 
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pLttoJI !^a Sxuao 

j^pajILaj (j I f, *.;. (j-° lW * L^J-iL- (j - * A98 ^-Jl^^ (_p-4-s ^Jillj '^ tal Lgaj til 
a j seJul w 1 c j_ljL1jL) ^yOLlss-i L<i_i3 z| Lu 3j-&LLb j-^ tsljs^j-u * ijJlj L^jt 

Lr^-^JJ jj-«J • cL>»^- j ml 1 4i^.j-a CaJ u /^-ll l£' J-* 3 -*-^' C"^ d Q JLSHX 1 a^j?e_u1 

v2j!j^J.I j-^!j-o (j-3 8jl g-i-Uj 3_<-uj-Sm S^LLI <j_o j_l1SL!I aJLLa oj^d o' 

(^1 «LaJLjj SjljjJI ajjc-LII 4_S_LLaj (_£JJI jL«-ll f-*-? (l^ J?-'- 1 '*^JJ **^». ' 
CjVL>JI ^j*-*; dJLut O-il^ (jlj <bjl i^ujI Cj!j_>JU j£\j-a ^^ 4-i^sLi. 4-fl-i-^j 

«!jj_«JI 4_l^j^ <icjjij*-o ^^ «_2j LilG ^io^l 3jjI ■*-->_; lII 3j_>J,! ^1 . 4jj^c 
3 < m^U aLa j'^« cr-^J 'M87 87 a Sj_>J,l p ml L^j-Lc j I l^jj Virgo 
3j u mil StmVI (jl dliill si «ilr (_>A«j JLa jLSj .^jjj^ljJI .-.I .'^ jJLJlj 3jm mil 
0JL& jS^-a (-J3 jL^-ij i-r^J r\9-?-'^' ^ ^ Cr-^' ^ ^— L>. L_i_xiJ 1 CjljLijI ^j-a C.<- t - t -*(J 

. jUeii^U L^SjjJa ^ ojSij 87 * Sj^J.1 (jLa idltj£ >«Vl (jl£ lilj .3>^ll 

. LgJJLAl mi a (jSLxj (jH-!l SjUl (j-o Sjjj 50 j^ol 4JJJJII j-fC S^LLI 

Li>jLl1cI (jSLx-i j^ <L<jL>JI SjUI (jl LLUo iSj^Iaj. j~^ 2 K A <i < 4^>-l>J Llaj 

.cUjLa slji^j_u i j^2j L^LiiLj Cj1j->J,1 i>J_A (jl (Jj i^lj^j_o 



i_jjJLj ^Ijti (^ Sjjj-II j^lc. SjUI (jL JjLUI i_gtjll i_gjill JjjLIII ,Jj«J 

( _ ;r lJI ajjcJJI ^^ 4LlHiUI j_i^I_l«JI 3j^j mJ jJL (3^-^ (Jj-L^ij (jjs (jj^Lj i^Ijijjj/ 

4 Lujj?E-a Mg^**t i nd J_>£, Jjuj (T-tJl a^?e_JI tiJJj «U-aLisjj i«L>*^t_ul*Jl 4i^.j-A oJL>-^ 
«LdJj_LaJlj . JUJL>JI ^ya J^j 2I j-t-aLutJl ^j-a 4J_AJLa t. < i u i ^J^. m^^IL>iJ L^jI !il 
^^ (Jli_«Ju ij-i^sLuiJI j>jut L#j i." 1 j 1 iTiSl Jl^ A^aJJ! aJJt OJ^ cA" SjiojvjJI 
(J^>.Ij_U (_yAa :(_gjj_Lll r-LojLJVI ^ j I 1 ** sLSl (<s^*-i-II (Ji-l-i j-i^jLlkJI j^i=J 
<t^>.j.5 (jV . j^jJLI J_Lc p>J-ul iAj-J_LgJ! (j_}Sj (jjSLj r«J=-iJI J>^ (j-° Cr'j 
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«l>.j^ <-ii-ilj Ltl£j 4udl_LA w ^fc«tl L^iuL^J ^1 ^^Luaj L^H&Lqj 3 jLU SjIjjn. 
^r^>*j)j<-^^ J^eHj IjlSLaj .4jj)j_iJ1 cj^LcLiIII ox.jL.uj LiKdjaLSLJIj 3j1j_>J1 

j^aJLiJI AQ-J-L^ II <j_a 3lj_j jq^?e_lLI ^jSJQ^ .a£_lLa ^1 4_jjSjJJ JjlsLLtl i _ ? J3 
4_l3L^ 3lj_J1 t _ T 5 a&-x1^J| -iLj-ijl <j-^ 4_>oLiJ1 4_ujL>J1 4j3LLa ■- ■ • gaj jftj 4 LjjJlj 
^r-Jlj^) aj_j_L^J1 r-LoJLJl CLj^LcLij LfcJLtX. IjUJ ^ylJI 4jvjjJ1 ^yJI \-&JU3c uul 

. (4j^la <L>.j_i ^j^j-La I 00 
4ilo JLjIjUj LsJU£.j i^j^-uJIj tj-ua- i .iSj^tl (Jj£J1j a^jI^JI 7*LsJ_j2 4j*_luj 
«LJLJ3 i j LSLi-i-u 1 j J-i \—uu JU>. jj-* *— ) J— i-^JJ ^j^J-LJlj {j-Usc-iuSj^l ^j^a aj?e_lJ1 31jj 
^jjl^oj uo_irt_] jJ^L^jl SljJJL Jj>-JJ 2 LLLLa ajpeJJI ^-JS Jajj^JLo ^aldj C_)JL»_i 
tjLb i(j^ ' ' "N drV^-* J^** frilaaJ (jiLiioVl ^^ *u?e_l11 JL^Lj iilj '^» Jail 
i4j>.j_i ^j^tla 600 /^lj^ ^—11 (Jj-aj /^>- Jij-LsL *_ajjj dJiaL 3j1jj>. 4jxj_} 
(Qj?e_u1 £.1jj>.1 jj^a ^j^j-ul JlAxI LaJU£.j Aaj-uiJcC La ^Jl (Joj^Iuj ^j^jJJl ^_aj_uj3 
j-usLulJI (_pa *J J ^j£LlLjJ1 ^1 4jjj>iJJ LT^ ' "\g^1 (J^Loj ij-u i4j_L>J jJI 

jj-a l^L?"^' ^-^"J-* 1"-^ iC ^J- >,J J (2J^- 3e - u "J * ' r"LaJUl 4_lLiX. ■ $"< '" LaJU£.j 

(jj-iLa 2000 t>;r J1j^x) 3j1j_>J1 «Lj>.jj (^j-S jujlj>. pLijjl L^-ix. ^-i-y (j^iIaIII 

j <i"t nil iJ^L^JI JL>J1 Ijbfc ^yJI 3j1j->J1 3j>.jj 9 Lijjl (>« fuLjJLj . (4j>*jj 
ijr JI Jj^tlLJj J-SJJi ti'j- 3 e^ ? — <*-? ££ & j-u£>\lxl\ iJ7 ^ j^jjJJI r-LuuVI 4 A <\c 
J_)J_>J1j (JjjL^—lJIj ( J-SL-lJj1 L^_La t 4-Lj-5IU I j-uaLuul ^j-* ^j^>-l «Lcj^u?eja 
1j-o^Ij , JLjJL>J1 t^JJ j^A , . Sj-iJi 4jvjJU 3jj3j j^aJu I j>JLA J^&'J ij-JjLua2J1j 
^j?e_LLl j^^Lui-jSjl c_<_jSjIJl tjlJs i JUJL>Jl «LCj^jj?e^i jjJI (Jj^tHJl aHj LoJLlC 
fcj^alLL I (j-a jjjijj j . . (^Ja LLo iLMUi J-;»-4-i tJ 1 * J^" ' " 'J 4 J-lSjljj 1 jjJS «U Lc. ^J-LeaJ 
^j-^ <L5_use-< uJl «LLaJ2l j^JS i<d_uii «ULj CjJL>.j JLj3 4-LlSjj ' j-^aLuLJl (j^^J tjl 
nlaj L4JI ^ LlS-ljI j-usLulII i>JLA fjX i Ll^L ^jt^SLII (jl^ LaJ_t£. (^| , tJJ^JI J-* 1 -^ 
^-J^La JJIJ-4JJ '(^J^*-"' (_r^ L^JJ-^' /rLoJLs2(1 d jM^ (j-« SjjxLILa (J^-'j-* /^ 
«LjL^_j ^j-a fQ^?E_iJl ' klflj ' J-JJ ' d „^**'*' j-t-aLuul ^j-* , - A d3^ L " AjLjj ^y\-Li-uJl 
. (Q^cJJ 1 ^qj%j>J Lt_u t. \ ^" ae j" ) t alltjej L^j I Lxje-uaa 1 ^Jl! 1 4j Lo» 

JL>.) Lujla Ljj*j>- k±i ljl - r ' l^AJI ^—5 ^-m>. (^2 a^Hj^JLI vj-L^aX I (^jLflj ^—5 
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fLaaJI x^a 6^.i.ian 

^jLj ij-^JJ1 4-aJ_Zi_a A_LAl_il1 <Jj^>- OjjjxI (^^j-JI 4_jSLioJ1 CjL_u1jjJ1 <JjU 

4jLo* 4jL$j ^ U3^ O' l^- 4 ^ i£^\ fj-^' t>° e?-^ *U5^' f>?^ 6-* */*^^ >^ 
Cj Lc j_<jj?=-a J I Cj1j->JU ^—5 4_uj-U J-^ 3.}L)j p^* A qLi •qJjlJI 9ui . *1jsjj_u Ljj-2j 

(j-ilb 1j_Aj 2^<lAtl CjL_u1jjJ1 till]} ^lr dJ^ l_4^ 4^jU1 ijr 5 3j uig 4 j 1 1 ,\ 
^ q-J-SjI jj-a >-" > 4-LTlS jj-* (*'- c - (J - ^ "3-^ i f k ^^ mi duuu - u L)' J- 1 *-*-^ f-* LaLgj 

^—Jl (Jj^tlLj (jl (j-* ' 3* *^ * L* '-^W :> * u^** 4JIxSjl (j-* J-d-aj 21 iCjjJj /^tJl 
* LtJjL?E_a /^ic 3jj_La^- <3_it (Jli-4-i 2 4-L-uia 4-u-u-l C-Jlj La /_£9 i£.1.}j_i_u u-ijjjj 

£)] ULj-Lc U-(-3e-l S^_jj_SJ1J1 Jjjj-Ls ^—3 -ij-J-ul LlSj l^j ^>J «LSjjJa /— 3 J^-^- 3 
i3j_i!uLj_a g. 1 Jij-t-oJ 1 ' ^j 5j j I ^—11 j ^ *tl j_lC t <Lal!LsfcjQ 4-ua-Ul (J_iL_uj aJljcj-cuJ 
i («Lj_) LIU 1 jj-* ^J-^^) ^Lj-jL-A <1cj-oxj ^ALaJbj (_)ia_ajj Jj_*_u2l i Jajl] (j\ LXLLs 

(j\ (J-SLjij pi ♦ ujx\ (j-° Pj- 3 l5' O-^J i C7~ i J^ p-J-LgaJl (j-* ^-iLa ijJ^ Jjltoj 
. 3 j L^_u A^t-iJa (Q^>-i ^J !->■ /y^ * 5j-lA Cj Lj-<iS_) (^lLaj 
jt_iLaIu_ijj 1 ^j^ ^^^ 1 £) I LLlIc i ^J IJ-i-uJ 1 1 JJt /^J-C c_<_»->iJ /j^-I 
IjJj .3L?e_5 jm i"i tl j-ujju /q_i jJj (_pDj 2I u-tSaS 3j-^ ^Uh**^' J- 4 - 1 * 

4_ujL>. Jljj ^-i-*j) f^J^"' ' " a Jaa* tjj-^ ( J^-^ aj ^' I (jr^ -^>*Lj L^jIj j(2^ ''■"'! CJ'V^^ 
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l^gjuJI ugj&llg 09SJI 

(_3 lil) J t j ( ii 4_i£jj tSj-tluLua I JLA (J£ CjJL»_i (jl xJ^alll V (jj»_lj * Qj " a '"'*' 
jfc* * i ■■ Lul 4 jj>. I (_L*_a_sj • uj-t-aj (j£. (j no ilitl 4_i^ fydaiej m^JJI Ot^aJl ^j --^ I 
Cjj-o.} JiJ3 (ji-^-* O' ^ *.' '(J-lLaj) ^3-1 L»J _J :=e - 1 (J "" '"'" (J^^ 5 * J'lJ-l' ijr^ J_3^ 
(j no ilitl 4_u j)L>. (j_a jJi J-^l ij^- 4- ^^ 4^j i" i n l m^JJI Ot^aJl ^a-A 1 JU&J 4 LaLaj 
JUs- lj7 2 pi i iluVI (j-a Lc^aJ 5_uj)L*JJ J>l JUaVI I jut j-jjaJ (jl f-^ 3 -* ' "'J 'O^'J-^-' 
. Gravitational Radiation ^jLtlll pU ifiiVI ghlr ■jIU'. (jl (jSLa-i La j_Aj 4 43 1 i 

4jjLJ^ii»J,l 1." 1 J 1 n'l^l (jl J-La - fc. ^ j 1 JL3 1 -j LtaJb 4 jn 1 n'l (_gjJI pi < uiVI (jl 
^JLtc-UI pU uiVI (jl ' a " ~^_' o' ^jSLat JUs-l (j-o La (jSLlj 4<1j3jJI (jlf 3jJU5 
(jl dJUj) 4,_p=jVl U-j£>£ 3>^ «Lj_>JI J_lS (^i^. iJjL^ali«J.! «Loj ^ 3-a-iJ3 4J 
j-JJ-J V 4 1 JU>. (^_La_)j 1 ^iiU 4_j_3 j- j L LtT J 1 (jl LaS 4 1 JL>. (JjIB L$_La J>^>^aJj 
3j_j_4^ a A\ . V»Atl ^Ijjs.^LI d 1 1 nitLi (jS3j •i_J* = J^'' H~5^ C"^ P"* ^ J'n i"m 
pi * mi VI (jjjjjj (jy-^-JJ 4^ j iS (J\ mi 1 3^jJ_a L^-Lu 4_uJ)L>J1 3^9 7c j i aj 4faj?E_>J1 

S^SJI p •> ->. (_^ (jj-SLj (J-jLa j-j^sj jLtj-a. (_3.II Lai r-Limj 4 L^-Lu ^jLtcjJI 

4_o*LJ (j-aj 4(_pajJtJl I JUjJ i-L^ajj a> -n ' a ] 4jLlL1 (j-tjl i tu- i—oiiSLa jl 4 4_j_u3jV1 
<USI L^Ltlll ;»ljj>.VI (j-u (^iLjo pit mi! _j£. VI i.Sti 1 (jl ^-SaJ-i VI u-i^cJ l£>**' 
(j-a jJU-aj m^JUI pi ♦ mi VI p^aJ (j£, LJIJ_4_u (_Jl JlaJLJ Li_Aj . I JL>. (Qj^oJI 3j-uS 
I lSj (j^SLjJ jL^-u 4Jjlj>o ja^t_ua fQ^E_LJ 4jjIj tijJJL>. (jl faijul ^*_a 4jl_^-La (0->o 
pi ♦ mi VI (j_a 4_42_uS '"*■ Lca-u jJU-aj JU3 m£ jjl t_ti_ujtJl j-uJilJI ^_A I JLAa 4 .}a_<-ul 

4i ( _ ;r jiJL2 (jil 44^JLl / " » I . '--. . " 1 1 4>JLA (jl£La .iJLx-l (jl f-jla-J ' "' V Lul Oio^-J 
«L>.j^ _^ > ^ 5j I (_II L-ul i n^. hl^> -nj^ 1 (jl ^_A 4Jjt_t3j (jl (jS-4-i (_$j-li JLl>*3Ji 
j-jJj (jl I JUt Jjlj I '(Ac j .oLtLsoVI 1 ^ I" -^ ^ j^JI cL^a-jj (jl£Lal x_a 44_cSLa.a 
j_ijj i_i_jjj^>. (jJiLLaJI j«JL«JI LaLc-l 4Jjl3 La IjUlJ 4(_LaVI LjjJUxj jL^->JI 
.. I j^t** J 1 ^^ Cr^' t T J j' j: ?-^' ?H^" CmI^J 4 1969 aLc (^ JU^lj^a 4jlaL*j 
4_t2_Lt_aj 4A^a_L_La^JVI (j_a d c J * t * rt 5) j iS 4j l^ala-4-0 1 J-^JJ aJU>-**( i nl . 4J_A J_a 
2'.ljU , ,,l J£ (J^Ja ^-Ljj 4JjjIjSLII iljlj^iij I gjcla 1 ■■ ^ I" a 1 j sl^JI ( _ ;r 3 iiJ)M-4-uLi 
d" Jjl^4 , ,.l jJJLlu (Jl4_trt_) La_a_t-£a_a j L^>J I 1 JLA (jlSj 4 ij-la I ^ i lai c a t kxta-lj '^>-^a 

pl LgaAJ) (j_a 4_ajL2j1 C*L>-jJj I d * < ga * 1 
ul 1 n-»JI (j^j jL^j>JI (jlij 4 1 j '"* ' flSJl i_j aila-1 1 (^jt 4JI1L1JU1JJI ijJUtj 
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fLaaJI x^a 6^.i.ian 

*ujj>. Ja LiLl 1 4_i£La I jJLS i JLuajJ 1 j L^_>J 4jij LU 1 4-U-U L.LLJ>J 1 LJjjj Uu-j-uUJ 

fl-C,lS-J_u) jj-o <-_)j_dJLj <Jj2 I jL^->Jl (j-* J-*-* 3 J-^P l -^I J^ 3 *- 3 L - kjLJ Cr^" * L/^' 
<lk 1 ul$J cJ3jJ1 (J-oAj ^^^ ' a ui&J (jy-^\ CjLjJUJJI C-cJlSj iSjL^tHLI CjLjVjJLj 
i JL>-1j ^-jiiLso p Lt-tTuI jJU-a_a (j-* ^- l *-*'Lj L^_il /y±£- ijSl t^ L5j i tiXI (JJJL^_>J1 
^j-a CjLla SjLC Ji^V JL9 «bl < 1969 a1_C ijr 5 j-aJJ (J^-'J *U5^' J^ ^ (j-* 
L^_jLj L_Aj-_Lj_u_flj (2>SL4_) V jj g ■"■ tfLanJaJ ^JLa t^j^- 4_t£.L*_tI/ VI CjLljJa «>>VI 
(Jj-SLj La j-^-j I O-jLS CjljLilu V 1 i>J_A £)! I tia >| 4J •*■ t^aJig i^LijUa CjL>.j_4_i 
p Lt-<Tu>Ll 3j-u_a <Lc-(-u jq_A1 OjlS JLSj . Lu j^?e_a j£j-a ^—11 ^jljL^^Jl 4^>-J-s LaJU£. 

tjr S JaJaliijj ^Lj' <: ' JL ^j' (J^ ^J- L ^- i J i<d -^ J ^ L-k^<aJ jj-* (J^i 4_Lo JLxljJI 3j_a 

pit m.VI Ijl^J 1jl>. 3j-Lt-ia2J1 5_Jaj_J1 i>j_Aj , 2LuLi]1 ^ j£Lu_o I600^&j AjJuii 

jl J_JLa ^--Lc jJLLcaJU (CaliseJ (jlj JU 2i 4_il ^—11 >j-cuJ 4«UJU JJl 0JL& (JILa ^_3 

.42LUI ^ JjLj^ 

«L_La jJLjus l^JUI i^jLSLLI JLjJL^eHj J) 1 «jj 4JS nia LJJ-LiJI »l air ^Lal ^^r^JJ 

(j K T1 jLj_^_jV1 ?t-^ji liij iLjtl^a Lvj-*i OJ^ (j4i i C^ 1 - i ^ E -^' pl»M'^1 Ij-A 

i>J_Aj •^L_jI 4_*_]jI (J^ Sj^a c?~^^ puuiVI (jl J-JJJ ^cJLftJI i_La^.V La-Lu i^Lc 
--n^'^*; tjl 4j>>jjJ-j <>>L>J1 o2jJ1 ^^yll^-lj-u^dJlaJI ^1 air Cjj-o^ JL9 3K uiXI 
j! ^ \c .SLflaJm 2u_<_uJ_L^Jl ^_ujL>Jl 4jjJaJ JU_u jjV ^1jjlL_u1 ^jic jl^ 
(j-A ?■/— . uiJ L^J-IJ j killl c_t^t-J Lill jjj *(JL3>^' ^LaJLc JUlj I 5^3e i jaj j-JJJ 4_ij->iJ 
JL^ i jj_u l_*_ixj>. J_u3jJL SjLcL^S j^Pdj^iI (_-tSaS a 1 JLje-Lm 1 ^jlj «LuaL>. 4jJ_>Jl 
. 4jjH_>iJ i^JJl (_)IuJaafuIJ 1 J r I ' <a j uaJ ) jj-a j-jj£J1 jl JL^ll L£U]i L^jLilu ^j-* (J^ -1 
j ^ 5 j I 7c La - ■■ - 1 C J_)JU>. ( j-uLi-aj>. JU-aj-a uuSjj fO-i i^-a^/l 1 JLA ^—^^LlJj 
J j 1 "sj ^qJLj jaJ ^3^J tftLua^JI 3^-^' (j-* A-iL^ll ^^L^eIlII pl-«_il/^[l «Lj_uljjJ 

.(jVl /_y^>" /J-jLUJI 
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l^gjjjJI ugj&llg OjSJI 



?Ui ja« cri •t^rit uU JU& JA 

. Luj->J t ^j£jX\ £j->Jl i_tzJjj 3-Aj i JUv Jjlj I ^—11 ^jljj Jjl *_jj-<_u J-jLa Js^j_u1 
LoS i3j-a ^j^-lLs <3_iLa I i i u <a mi jJU3 tl)J^ "-^J 4 Pj!>"* -^9-"' * 1 ' uOM I I JLA «uj£j 

30 (—Jl^x y In <JJUu4_i 4«GjL>. Jj^l (j** 3 ' 1 J-^'- J Jj^ C^ AQJtiJI -n j" 1 1 4_jl 

..»Lc J£ 3 J , no ni 5±& 
lilljj i3j_>JU ^j" i ii a (j_a d «-JoII ^LLaJI jljJLo <j-\-i t _paj"nU (Jj-^'j 

.(JjL^JI jijj-uV! cjLaill Ijut jljjj l<a.'.""J i l£>^' cjLaLjoVI ^ SjjL^aJI 

i_L±j Jj^j_u2l < t-S-LJl (J^>.lJ) 5jl i n-»Jl ^j-a p^_*3J?e_a ^—Jl t^-ijj J-^J 7?- 1 "- 5 L)"-^ 

^e-i (j-Aj) «LLuu (j^jij j'-^° C^-3 'f^ LP ^i>^ ^J '"" '"' ^JJj i— iJl (j^l^v 

Cj L- I ) la * <a 1 Cj JL>»j ^j Lj 4JLloS 3j L_ajJ 1 JLA JILa Oj IS t ( Luj^e_« j-<t£. ) uig 

.j-usL>J1 LlI^J (_3 I j" La 3> >1 rt j^^ -4-1 '^y 2 ^ (-r^ 

J_A (j-S-Jj •Crr , - i W-^-" pi « uiVI I J-4 I i i i ii a !jU>- 3j_uS 4-g.j i n_l JJJJ ^jlj 
.SL(JJJ5CJJ ^°i Oulj La ual 4jI J>jj-u2| i . uLtll I JUt <- I J I ilj 

^ j i a i I_Ljj^*_o j^J-° cr^ lSj-? ^ ^j *** IjIiA*-' o't' SjiSJjo 3Jj)l tiJLut 

^itj JiJiJJJ (j^ - JJ'- L i4^' (3-° Lj-JLc. i_ajLu iJjLt pljj> (JSLc" (^^ t_*j^jj dJLut 
4_Luaj 2l "h j£S\ ^t-l ^L±2_a ju^LfuJ ^jt £>S_4J A j^J^ L>* ^^J -4 ^ 3 '^'M* "' T i "" 

I j"' a j » a (2>SL«j 4^j_>JI ojl&j . 5^.LuJ! ^ j-" 5 ^^ 50 ^l^s* ^-Ljj 5x.jj^ij 

(j^>-jlJ^44J' I j S I Laj (jyjJI 4j^jJ>IjJI CjLvjJLI (J^Ia ( _ ;r 3 4JJL30 (_gJJ! j_uJLl!Li 

Naked Singulaiity J J*A' j^jA' 
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cluuiJI igS Sxuao 

q*\ VI .jjjj 4 ^ &&I ^JJI ^jLsOJI pU-J/VI LUajlj i^jSUI jUiJIj jUil 

<U-Aj Jj 2 j J-jj jJia i jjjjiI i_t2j ^1 I gj oLi Sjjcjj (J^itlj (jl 3j£La La I 
dil j iS llILLj* (j! il .iijj_>JI iUSLxja j-a^l f-^lj <j^ ^J "^ \l ' ~ A 'j * * " j-^ 
^^1 3_u!iL>JI oJl^^ia iCjIj^>J,I cjLcj^ij^o j2aj ^tH>^' JtS^- <>.iLll (j-° 515L& 

OjIS l!il 2il 4x.^_$j?e_a ^b -n Laj *" 21 L$jl 9c-L*aj| iCjlj-^JLI (j-° SjUJLC ^j mi-w 

. ^Ltb 'Ljjjj ijSLx-i I-*- j-^\ S^Lo (ji^- (_gjj-»-i 
i^j^ jLiC. jl jLc. JSL<i (_;,!£. ojSj jls cj!j^>J,I (j^ ^jjj-LI jj^. S-jUIj 
S^UI oj_a (jj-S^J jlsj I ''"..'^ (JL»j»»I i-i!Lijt (jSL!j »j ■ -^ II 4a^L>. cjlj^*-a jl 

j-i^. 3^La ^j^SJI ^-JS (1)3^-J JL9J . »1j)^ i nil * laJLul jj_« -5J-C (j-« «b^S_s 4_lo_>JI 

^Ja_alx. 4^LIa j 1 '^" ^1 £j£. 4Jj)J i nil (_& frljfl-uiJI * *j tLul Cjj-£i£,l jJLJ 

tilLla (jl ^jlrVi Lj£.j tjlj i. ill Ijut (^i^. V4J0 ^,51! .S42LLJL1 v^jIjJIjSLII 
^£1 u ^ , ,," /yoJl ^IjJLI 4^Ll3 (j^ '/43 (jy^s- '-"' * jij 'JJ"^ JjL* ^jj-uI Lii 
J^ SojvIj 3jing ui 5J^ f-^iliLi L^IjJJlj (jSUj 3jLu>JI 4^LLJI ojlaj i«iii-l j> 
t_uL>- tiJLutj .cjljjI^SLII 4^Uo j j 1 "^"1 I ju>. 4Juia j-lIkj =l^>-^JI ojutj iaLc 

. Jij^?E_a jSj-a A^'J tj^-*i 3-^ - clM' Ly-^- ^ i ti^Lu rgJ-^l J)^ i nil * *j 5j 1 1 jj>. 1 

_}JJL>. (—5 /Qj?c-ijl ^j a I 5Hj LaJU£. i^j^SHj CjJL>JI (3^' tjl Lr^ O^ 3 ^H *^^ 
-CjljLlol «L)t jjSLiIu (j-lj ' ( Ju-ll 1 ■■jj' ^ '"■ J '^^ t_Ji_t-£u) (—jjL^tHJl tfjJ^S ' kxtaJ 
I S I La rt (jS-<iIij jjJ (QJ (j-«J i/^^jL^JI ■- 1 >^ ATI ^tl ^-jij^^Jl (j.a-L^^j (jlS La I 
. Jl^j_u2l ' (JLljI jSj_a (_5 SjLuJ yoXmXI (j^alSgJI ds^J jj-« 
iCjJ_>JI (^^L-J w '*"** rt LjjIj OJ^-i J^j-u^/I ' lAjJI jSj-a tji-^ i J J> *' (j-*-*- 4 -^ 
. Laj-i^j (j^L^-i V 4_j 2 4_!j-£js-o 4_i£ (_gj_>j (jjJI lijIjLs* ^l •» j 1 ->"■ 1 ■■ I JL^Jj 
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Symmetrical 2 ■ * LSj a 3JjLjILo Loj^j LgJLol oj^ cr^' L ^ 3-^litjj idl Jjjj/ 
3JjLi1o j-^ J I 3>L«j-o jlj-o ,_^ii2j (jl i«U£ li.lj'C Mitl (jjs (jSLIj .Collapsars 
I 'jj i ■^" lil LiJLa i jlj^qJLij . jijjj/sI ' . uojSI cjju>. JjM jjj^S^J ^\ i_£-ijj ^9 

Q^SlLu_u ajSj^a (jLJ3 iLoLc Js^j_ul Lljj (j^SHJ 4Jji_A 4x.j_*_uj jJJLJ 3j-uS 4_LiS 
0JLA ^g^**l i u a Ly£$ * Ji4J-a2M ' JLtll J-a£. jCi_4_l *-^J Jsaj*. (j_« 21 JL) y_ill> /JS. i"i 1 
. Jj^j_u2l < t-Axll J>£^-a 4_)Jj (2>SL4-i /cj (j-°J ^il)JL>* (3^' i-£jLL4 (J3^-> 0"^ t4-aL>JI 
CjJu>. Jj-Si (jj^ (_gi-((_gjLc jl) Jlj^*_a j_£j_a i_al uil^l (jl L«jl^ JLfljJ 

» j'^**' ' "" (JJ I j U "j3 (jl lLLJj i*Ljj-LflJ1 j«JjtJ ^jl^ (JjS J ( H-(j^-L»J1 (j£. A-LOTS-] 

n f l i"i 2j L^_il_3 i3j>j_>JU J>^lj_U aJJt O-ijS^J I jlj . 3j_&Lkill "*j'"»" (ji 
(j nN r (J-«-«j (jl (jSLxj-(jl£Ulj (j-ojJI 5j_ojlLj liijO.-jiljJil (ji^ti (jJLu»j 

(Q_J_1 ijl^>.jj1 (j£. (__flHrtJJ SjLtl I $^<* ^JT I UJ (jl (j_A z JLlS tfiljfl-i nil * l&iLtll 

White »l ■ v» j ■ tl c_jj ^ ", 1 1 jt^j^l I j j 1^ Jj I Laj j^lj-ll ojl&j . Jjjl>. (j-a I g-mj 
^j^- j 5 i Jj^-j cr^-y L* (j^~Mi ijV 3-oL«JI djj i nitl 4jjJiJjl ( _ ;r 3 (_^ujJj .Holes 

./Q_iL9 JL^o.1 j_A p I Ja_i ill * «j flj 1 1 -S^>*J (JLiIL>.l (j!iL^ t^l Jij i nil * laJLuj 

JL9 _sl^_aj «l_u!iL>iJ 4 * Mil J^lliaJ Lii i(j-aJ>Jlj (jlS_LI I gg3 ^-aj_u J>£^_a (jH^J 

' . ' J S «_y 1 ojut ^5^>-j ,_, ' ** (J-jJj-j-UsLsJI CjJSjJ! ( _ ;r i>.-<jJ Lut (j^»jJ o^J 

Sal tall > i 'i nS Ltji^vj IjjJajH^I jl^ LlliaJI »l <ilr (_>^»J (jl (O^-J-J 'f ' **^». 
3_Laj^ 7-j nil Models 3 ji'oLjjJI ?-!iL«_JI (jj -i j 2j IjJl»-Ij iCjIjjIjSLJJ SjLjjJI 

• Id Ut* 

I gjlc Jj I LaJ (jjJI CjIj^>J,I (_>^utj (^^ (_jia^Lc. z^j-lm «L<u ' £ll '^' a 1 1 JUt )«-oj 

<Lj^j.}Ij Cjl_Ua_iJ j j '^" ^pll i Exploding Galaxies ^j •* a * 1 1 CjIjjJ.1 j<u-ul 
(j^j nj^SLII (^1 L^j>.jL>. S^LLI ' - 1 a '" L^JLi dllflll »l a-L«j (^yjvjj (jjJIj '^i5^ 

l_i_Oj_2j liilj . I glj-l ' sLliijLill t_!J^!ill (j^l JJLC Jl^>-J si <lUII 7^>-J J-i3 (<SJ 

( _ ;r fl> «l JijjjJI i_!jjiiill (jl LJjLH^.1 ( _ ;r 3 (jjJU>.| i LujiiSLLo ( _ ;r 3 aLo^I ^1 Sjiaj. 
dJLLfli (JjSj (jl ^LiijIj 3j^3 L^JI J-so iJi^jj-^II (j-a SjLLI I jj a w aj seJ jjlaLLo 

(j-LLa-i /q_j (j-«J (j^SJl (_ll (_^jj>.l 3j-a S^LLI (3^^J ^^r*-*^ ' '^* ^L-Lcajj * i^Jaj 

.Cosmic Gushers <LujSL!l CjLIsjGII j<u-ul (jLo-^/l ^j^«; ^ L^lL. 
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cluxoJI (^a Sxuao 

\J^Ji ' '^"'" (j-a (j^^**M C^ 3_}Ltl Cj*L>. (jjl jj-o '.(JIJj-u jQj JL9 LlAj - 

•.(jhILoJo.1 LJjLo^l (^a LJJL>.I lil t Jlj mil ! jn> (^i^ *jL>-V c£-*? 

Si rt j ^ IaJ ia_) t»1 Jij inll * IjJLtll (_3 Jsoj>.j1I (j^ /_dlt3ej SjjLtl (jl Lai - 

.(j-aa! Ijl& vijjju>. (jl£Lol jl^Jj g| j i *r-> Ljj r-jLcj li!Lu»j) (jjSLtLj (_jjj>.I 

i * j a-u I (_3 3j)Ltl w aj se J jcj (j-^J i LujS j^c J-^*' Ljji i_£jLlA (ji Ji ~ 

4«GjjL>. (jSLaj i-Lgajl jj-uSjlIIj tj^>* I L)3^C"^ *^^ ^J-* (J^jCjj ' LujSj »1 J)j i ntl 
ljr £ I i I i r-i J Oil . Lua£ ^ (jj^jCu ijji-VI (jjSLlI Cr^ U^" 1 ^ CT^' *- i ^' L)' U?' 
i_ij fl-d I (j-^ J-^- 3 (j-° ^k^-^ 1 C"*^' J^- 3 ^' flJLA (jSllj 'JtP (J-*^ C"'! L" 36 ^ 
5-L^aliJI 5ifL-uVl (_>Ajij j^c 5jL>.yi (^Jl i^JiJj (jIlJ! (j-A '-I ''"J.'^J frbj.mll 
(jj£LII 3<jjU ^^ La Jila iCosmologists (j>£-!l »l air ^Ijj ^l) La C"*-" 

Sd t , ^" , ,. rt ^_& Laj (jl>. t_il_pj 

filial I »l air I ^ uajJlAj ( _ ;r ill jLCsal aJJb ^j*-*; 

(^-3 fi " J iii j-al i l_LJj_>J, 3j_ljlxI! i—Sljia 2I (jJlj ajjsJJI <j-u J a i uJ I (jl 
(J~ <i~ i ii aOj i ii II i_sajs!ill (jl Lajlj) jJLSj (JL>JLI I JUt (jr^J • Jj« ill J.'*"' utXI 
lj)l ^ S S 3e a 5JjjLi L^_il Tt-ualjJI (j^J iajj*J1I (j-u (jjjjal i nU (jrLc Sjj La a. 
«LLloj^JI aL^IJI *i"n i ii j ' a ill ?t_L (-r^ 3 i Jijj^iI I lSj pi LgaAll -iljlj JL>-I i_SJ)l_t^5 

. Jjjv^ll (j£. l_A^Loi.Jj L^Ase i '-J i I ^-i^ (j^J 
sLaJjJ jKnia (^1 Jlaj V ^Ljill ^^uaiJjl allalll ^ »lj)j mil t_jj2lll (jl 
.(^jj.1 (O^c-iJI (jlf 4jJL>J u^i\ JJ^/I iJJjJa (jfC I g * ;"'"' (jSLaj 4JI lLIJJ) idiiill 
(jLi Ijl VI i 'j a * II J)j_<j/2l <_i-2-l1 I 3_JJJ O -0 ** t^a-aJI ^IjJ <j^>-«-y <jl (lAl 
joj (j-aj i4_aljj> (J'C i"i ^ I c 4_Li.lj) ^jl\ «_3J_ij (j^ll J)ljil 5_iLaj^»j LULsjs 
lAjjaJll (j^j (jj^aLuill .-I LtaAll J)ljj (.^l^- Lajtl J) Ij Laa. Jiuaj *l JjjjjJI i_iji!ilL9 

. L^jjjj (jSLaj V (jLp. al -1 La « a (^3 4J 2 

(jl LJjjLlI ..-I .'^^11 ^ 3< ihLAII 3_JL>JI ola.1 mil lillj Lij^JG I jl <jSL!j 
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l_Lu La^J . 2_jL«JJ Sj-iLJ 2J|_<^a J—& (_£-}Lc ro^7c_Li c I i eaa JjIj A I jJa-i.Q I JLcIo-l 

(j a N " " LaJU£. L^jIj t«LsJs_iiajl a^eJjI jj_a J-ii3 ^joSlij ^IJa-mJ) » «j aj 1 1 qV£ 

(JLalo-L^ lLU]} /jji^-J t/jl *^->2l fQj5E_ul ja^e^tJ 4JjLiLtu I JL>. Ij-jJu-a Ijg a 7-^ cJJ^- 3 
. -ijlj 4_iSLIj I i eaj I I JU>. jjLJ j_al jj* i Jijj-uI ' ■ i 5j (JjIj-J (j,^ pjJSaJ! 

Ultall jdl*» 

d)L>.j_a /pi mi /^l^. i4^LLaJl jj_a 5j j iS CjLuiS (jl t/LuaAjl 1 JLA (_3 LLu jJLJ 

(j_a *_3J_lj /^y-HJl S^LLI ^J* a ' t»1 Jij i nil * Ifl^lJI (j£. j J L*aJ (jl (jS_a-s ^^^Ljso 

(J _3 cULi diiill »l air LjJj jJiS I jlgj .4_o!jJ J< ui (^Jx. vliJljJ! (J^l J}L». 
-3jLjJU>- i^LIa j 'I La a ^1 r-l"i->-"ii .1 2 a iSgJU Ljjj^jJ jjSJ<J I (jl Q-p-- 1 J-i-2lJ mJU 
(jSLa-i 4JL1 si nUtl JLaj 2al Ult ^jl_a I j 1 . ^ /1 »l jj 1 ntt 1 -Jj-S-lII jLl^.1 (jSLa-i 

l * J S J J I (j_a j'' LtaJI (-JjL^tHJl pi * Ml 2 1 j-jS^HJ Aa^e-i-li (J3>- Cj 2tL»_a (J-«t£. 

«l_Li (jSLa-i 4JL1 (jj^i-l »l alf j^3 Lo .(_p=>j2l ^1 4 1 uSjlj ^LloJIj sljiaj^JI 
' JLljI 4_u!iLv j-jjLj ^J* a i jj JU La (jLcj-<_u t _}a_<_u 2I < id-JI (J^>- c_<JiS-a jLLal 
2alUll j 1 ,^ n <dt\l ;~,„l <jSLaJ ^ jUo p Ltjil JiaJj-j^l LS-^jd I J-*J iJiaj-uVl 
jj_a 2 al U tl y-|j^>-" 1 11V i,_Jj^i.l sLflj^Ja (jjjj|j_i J^J-jlJ (O-JLt-JI 7"J-^' ^J 
( _ ;r jJI (j^J (SJsLLaJI tLalaJi a) j jrii i^a-jVI (^JJ (jL> iSjIjjdl «I.}jjjJI i_sjJsiiJI 
.^jLajJI pbi i"i^L! ^ as. Jila-ij tijjLj>JI (3^^ ' J **" ' 



(jSL^-i 4JLi I^JLSj ir^l 1 uS Jijj-u^I ' '^" 1 1 *\lXxIluu\ ^j^ »l aUtt ^j a « J j S, fl 
jj^-J 3_^!>L«JI (jLi (Jj-2j d j 1 1 nill 2jj b>T'a .j_LajdII 4l5Lt 4-L-LSS J a «" 1 nj (jl 
4_Cj_,j, «_jj— (ji 2 J jj 1 a a 4_LjSLII (_gjLuj S^LLaJI (jl ^^Jt i4]jSLIIj S^LLaJI 
L^_j) La-S tfil Laa-d Ha jj_a j-Jl d * ^ ^- J 'J Lh^ 3e -^ ^^rP- 1 (j^ ^^-^J tg. a^JaJI 
i_jLujiIj 4-lJLj^.jij JLl^JIj 4jj jj| JjLlaJI Cj)M-cLaj ^^ ^ 1 "j'lj-il '■ -u 1 m T Li LJjLa-i 

. a^*-i-I 19 m 'i a mi' I p 1 ♦ mm 

(jjjj—i) (jLLLc JL2 t 2 I ~i< llj 2 il La 'I j>_i 2^>L«JI o j-* j!j-i ^ lr j 

' 1 5 "' 1 1 A' JL^-**t< "' (jlS-aLi ' _ 'JJ^„ ' f_3>.fljft iS^TI J j * *, I jj-a ((.S t n^Da-uj 
2_ja_j^lj_II CjL>.jJLI 3j^ -i j 3e 1 aj (jSLa-i £ l-'J-«-a i—SjjJa (_^-i^ 1 <LLJlSS Jijjj/2| 

asn 



UaoJI j^i SXuao 

(jla iL^jic Ja^UI pUjiyi (j^s '/99 ,8 (j-!!^- <j-o j^l o-"^- c-^- 5j^L2JI 

' i 5-ul ^ya L&_}1jGjlj Cjlj-a 3jLC A^t_Uaj ^jl ^^A-4-i Cil£,m mi VI 0JL& CjL>.^_a 
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l^gjuJI i-jgiiJIg 09SJI 




4_ul_Ua^ 3 Lj ua q Jj^uVI > r SgJI : (48)JSLi 




ljJJJ! jj^ 



jSLJI jl^JI 



>^J J 



Jl^JI Jif 



iljj j^oi i_ii! ,_^ jLLaS :(49)JSLi 
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jjjls. I S a. j_a jij_<j/2I uaiulj cjjl>JI 3^' jl 
<L9j-*J mJJJI ^ijiUII joJLkJI jJ-jj «l>-jL».j iJ_j^>JLI 

CjJL>J1 3^' La ^j^*"" '"■ (Ji* JL) (jl La (jS-lj * - ^3"^ 
^J i Jju>~^ ir-jL>JLj fjl ' a-j * I d j Ir ^Jj~y**( i ii i /^>* 
Ijlj—aLcj g I Laa-dJ I 9. 1 o-Lc ^j^* * ' 4-cLa- i"ill O-Ujl 

rjL>J! ^ (jj jd! (>=tia 1 jjj^Vl (_Jii!l (jJI J^i. jJL 

ijji-l Jt-!l ^JSi IjJl>-j I j)La <-2j-«J ji 1^1 frr 3 -* ' ""' O^ 

jl3 (jjSLj (jl (_, 1 iir La (_jiLaLu (jl > jtVi 1 11 ) V *u (j-aj 
u-c (jVI ^^ JjS La (jLa i JU. (_$! (jic (jUj 

L$_)l l_2j_*j CjLjjJaj L^-ml 1 ■■* Lajl 1 3) L^-IX I a^eJJI 
(<sJ 1—LiSLIj ' f I Lta-flJl ( _ ;r ^ *j_uS (jiLal ( _ ;r Lc 3 ' ' "*" 
( j_u_a_L)j . I ^ Ar Ij^IjLi-a ljl U3»| ^j»>tj (jl * Laj 1 ■■ 1 

1^ Mil— i_a ljL_i_L>.l ^J-iitlLi jl Lt-t S -aj ti ij\ 1 11 2 1 I JLA 

(3-o-c (^1 iiju>JI (j-^i (jL^'-i I J-* (j 11 ii mj . I fljlr 
I ju& f. I c dJLLj L-Lj Ljy-^-i 3 .! .' ' * j^uiVI ' lS-J I 

j^ \ "i (11 LjjLSLsI jl jj_a 3 ^ """' '' * -*jka_i ' ■■ 1 2ij 

I j iS Ij ijjia^LiJI t_uj_«JI (jLCil Ijut ^j^ icLa-jT ir> 

«GjJL>. *J3$J-i L«X. LuJUa IjjI/J^ 5 I '- *" ' " JJ" I Cr^ 

237 



jl j_a nijJ_>JI ,_j^l (_j-3 Jag^j LaJgC 4^jJU La (Jjlj • Jiaj-u^l <_iJLil I (Ji-l-i 
(_gjj| r J i a 1 1 (jl (j-l\ f-^Jri lj-*J '^*""^' JLS aJLLaJLi (_gj-ll Jiaj-u^l I . l"luI 

. jLS jl i_a3aj JL9 (jaSLj ^-^ J 1 '". 1 
4_uL%aiJI ", i^,,^tj J-^l \ ,\l.a LLtSj jlS Luliijjjj V J fl i Vajtl I juk^j 
3^1 jjLtjj (jl Lo (jSL!j . I— Li 4jjj_a j-^c Ot i ial L^JI iil!!} ioL^jVI Sjiojvj 

ic_<_d_c (-j-Lc Li_ulj L&JJLa LLLc ijj^j_u2i < lS-JI jSj-a ^—is jl>u /^>* cjJ->JI 

(_g^L«JI LlLLc u aJS .(jLCil *_a (j-oj-II ^-aJLu 4-lo3 Jjitlj Lo t_!J^.I (j-a ULc 
jj? Jaj 1*1 J i »l Lta-a-II ^^ oLsol (_gl ^yflj S-jj^e-i dJj^tlj (jl LuSLaJ i<_2aJLU 
4_jl (0-C.j— ij i JLj>.!j oL>o! ( _ ;r 3 Lajl J j j i iij ^#3 (j-ojJ! Lai . 4jsLtaJ! l_Lt j-3ojJ 
I JUij . ,»La2l (^1 I JLjI j-a-i <^-jT VI CjJ_>JI (3-3l tcJo-ui (j_a i_!j_aJL j La jj 
iJj^LLVI (j-Lc *j Laj ■ a Lit QaSLj V tiJLL^a k±jJl»J! 3^' Ji-I-J LaLaj <■ ilnn 

. . Jsou-u 2l ' lS-JI jSj-a * laga fQjI^iJ (J-iLfc (JS i"i 1 * )JL^_u (j^tl*. t LllL>.j /jj^Lc. 

'3 ° c a 3 ° * )JL»_u (jl (j-a LLt-La-i jl L^Llssj (jS_a-s 3a^9 4jI * -iLali i ■" 2ta 

(j_a * jjJjjL «LiLLa_)l (_3 <■ n i tuj (-gJi (J-al^aJtJi (j-* (j-*3-^' J"d>- >0 (j^-*' =J 

Lai (*J^J Jsaj_u 2l ' '""'tl jSjua j—II LlLl>.j (Jjlj>o (j' (j-* Ll S Lq o j iCj jl>JI 3^' 
,d "^a \ c\_£.L_uJ (jjjLflj (^ Jjl J-Aj (_^L>J1 ^^-i-aj 4_*_a ^jtse-i LLa ^LS (j^-Jj < ^J^ 
I J-A jj_3 4_j_jLL]L£ . Jio-^-ul ' (_2l-lj CjJ_>JI 3^' (j-° M-L)-^- 5 Lao^> j-jjuj j_ jr Aj 

. jujj jlaI iM (^Jljiltl t>u^La J^Loj njLSLLI 

La I LLa G lil ijiaaj/2l u-cS-J I i_ ij^ (jjjjjl ^ La jj j«J tijjjj jl y-jLa!i 1 iUJ 

jl l_3j-jlj .Jl)J_>JI 3-^' (33-^ L) - * ' l/^ -5 L) UJ'- :t - J LaJ—Lc p j LcaU CjJLtsj 

LajLi^. ^iiLa juiLvuj Lai =LuiL>JI (_fa^ 'Iri-L^- >Jp (9- 1 (j- ^ i4^LLa 4J ^j LaaJI 

g j ■ ca 1 1 * !J-#J u£^3 i^LjjjJa ^—5 ^—jLiiS r^J^ 03-^ •* J ' ^ (j-° pLt-uj (j_L**_u 

*Lj_oL>JI 3j^ w I c 1. 1 I »"ijl I JL^>- (Jj-JJ (jl 'l-J^. iJijj-uVI ' . .""II ■» La 1 ■■ (j^ 
.(jiiaLiLtl iJl!jL>JI 3^' (j-^i ''J-'^ L3-^IJ 'W' O^LH 1 ^ Cr^' 4JjL^JI 

(j^S_j i Jjoj_u21 < JLJI -x la 1 ■■ (j_a * i^j-^jl jj-a Ij^o^l g.fl^caj| (^A-a^J LaJU£,j 

• a l i ( hL-Lj-j »a Laa j| 4_^LLs (jl Oc-l j^ .j ifiLSjL_ajl 4H£LIa (j-* >J'N )l Jl^S JL9 
d ,>. A"»- * rt cQj ju!i (ja^J ir"jl_>JI (_JI ij-jP* I (J-t-aj (^jjl g.a-Lcaj| (jLs jiil 4Hjju!i 
Jl^ i(4^LLaJI ^j a a -» I a) r J ■ ea 1 1 I JLfli (j-a 4jj-i!i 3jU>.j j_p jl Llloj^ jJ j . ljL>. 
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Jin mM u^OjJI 

^j-aJ-Jl 1J_A JjlJ— ° 4— l-iu-J £)! i IJ 7c_u3jJ 4«LcL_u Cj 21 I >_u-uiJ /-^ Ot-aJL^TLt-ul 

AjLJr" i n*i L^J&Jj id-^jLii-a d_C.L_u d i in ->o (^jJI tiJJ J Qja UuLij j^l Dj ^ ' " 
. iyJt LaS r j ' la 1 1 «L)Ju!i 3aj9 • 5 p O-irt-i (^jLc jju-sa_a jj_a I^ojus 

(^A-4J 4j1 r^X-j-J i t _ ? ^>' j L>J 1 (j-«j-li ^1 4±>.1_} (j_ajJ1 dimi c_<JLjuaJ1 <j_a ^jjNjt u 
' (JLul jSj-a £—11 LLajLfc x_3J_u J-Aj La |^ut> 4JlpJtj-ctiJ ^JJl (j-ajJl *—)L_uj>. 

L> jQ ~ t ~Q ' ^ A J' OJ LLs-d-Lut-a SjJlS g.1 Lga.5 i| JUu (>^£j-a ^.Jl «_flJLiJLm Lul dJLl/ 

' (JLlJ 1 ^j-* < — ) ji>^ ' (j - * LI0L4-) L« 3^9 jl>-^j & I : a La jJ 1 Jj_u j Qj Li_Aj - 

j_A (Jjlo_u_u 4^LLaJ1 i>J_A j 1 i • ga a j . Ljj-3 1j-uG <Jl) J_>u /^^ 4^9 LLs /^J^. jJ-aTnTuJ 

i5_Ll£LI1 Jl^J 2LljjL». I tiaj? ijJLiA q^SLu-u <j£LJj-dJb£ <U ^L^ ^ I ^<-*i mij 

jLj-6 £— ^ (Jj^* cH - ^ 3 al U tl <*szj>. j-& \ oKj ijLt^jVLj (J^=-»J 1 J-Aj 

1 JU I (2>S_4-i jjJ f^j (j^J * ■ U« <>»! 1 ^j_a 1 JUJ-a Cj JL»_j 1 J-Aj • 4_u !i L>J 1 SdS Cj ^ I j 

1 J_A £)] jl i Jj_i_o 2I ' . 1 S **' ] I j\)~A (jj^l jLi^jVIj j-uQJI 1 JLA 3j^ ^j_a c_)j-^J1 

.i>1^LflILj (j! (jL-uJ^I JjL>. La^-a l«t^a JliJL?-j 1 u 

-q .1 a uJI 4JH^ ' gu ua Q^a ^LjIs j-j^ I -j j ♦ 1 <-> Jijj-u^I u^-5-U I (J^l-i [J& j^j-L1 
JojojI ' cSj «LL31^-a J-t£.J ,3Jl>.1jj1 4_uLU1 (j_a ^j^-LLa ^-i^. JL>-1j /-Jlao*. ^-L-J 

' lAJ (—b Lai • \SjJt,! JlI^. aLlII j-LajdJI ^-lo^j 4<—jJtJ>J1 (3^' (j-* ' J^ ' ' CJ*^- 3 

(Jjj5e_*_uJ ^^^ 1 JLu i LujL5c_a J2j ^^^ (JjI_A -5jj-u' ' ; ' «L< * 3 1 in ftLi ■U^'gj .CjLcL_u 
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(j-oj . LLjla L^LsjaJ ju 4x.l mj <* uulZJ (_gJJI Proper Time <. ■ mLUI Lioj j-& 

jj-£. Jl) JU»_ILj (jl * itfl ■ a It (j-° (J " J J ^-*1 LLLIa i 1 JL& /jJ^. JLpQJl 'J^j^j t-gaJI 

(Ji.1 J (_gjjj_ua ^^LuaVI JljJLkjJI I JL&j isL-uLl9 4 T LOj^jj\jjj (ji (jj-i (jj-ajJI) 
- ^jLSJLLj jj-ajjl iiJLL& jyjjlj '■^P* Js^j-u^m < < £j J I 

' JLJl » i^_t-a JaJLmJ jjj^jj- JL>»j j_iJU£.j . 3 JLljlj 4-fll ul^j Jl)J_>Jl Jj^l Prj^" 

i u -^ \l i cjju^l jj^i l j fJ a Lb^lal lilj tpj-i^/l j j i n" L^JI LJ cjjlJ I ju>- SjlulxII 

Ljjj^-o (J)^L>-J • Lallan i-IJjlxjj V L^JL^j J Jjj (^1>- i Lglkjjs. (j-a ^ La jj L#jl 
oLsoVI iJr l\ <Lcl i n II t_ij I 5 c fcyJ-aJu ij^jj.1 ,jjj Lbljislj CjJL>JI ,jj£l (^ 
a JLaHj ^jl jj-o z JU jj-ojjl ^jl ^1 i^j-^j-^l i-r^ ' *'*»-*| ^—11 ^ 1 1 ni LuL£j ^- i nS »t1 

L^J O-t-U ^t LlJSLalj 1 1 fl i* 3 ! i La ^ i ■■" fi.\ us£ (J-2j_u tiJLlA ^1 1 r < >i j^ ji^ . t<^>" 

j-£j— a Lt"^I j-^Lt-ij-j (jl i— Lt-tTu l!}l_3 . LjJju ' la 5 ' uj r 1 tia.9 Jj a - ■■ (J_iL_uj 4_iL>.l 

da-^1 seJ ^jlj iJ-J-p *-^>- (-jJi Llcsju 1 * Lgaj i ^j-* L^i>^ tJL^- 3 L)' *— <J=tJ J^^^*- 3 
i-Lga-ll (_)_) J_S^ t M">a Lj_A jj.ajJl jj-a-jJj , jSjJLl (j-« Loi_4_) <lb LmJt 1 (j-u-^J i^r^ 
Cj La-<-aJ L) p"^ ) _l£l Lj_Lu j . ^vl^-^JtJ 1 ju juI/ ,<J Lju 1 1 JUfc l ^ t j5 (4^ L_yJ. 1 ) a j ^ a * 

41jL^J1 «LujL>Jl ^3^ ^I^P tillj JjtAj (j^t-ij LuL^ . j^jJLl (j-« c_jjJ1Sj (j^ft-JJ 
Vj . Jijj_u2l < . ■ £U 1 1 j^j-a J-t^. 4_uL^J V 7e-j-uaj i^,^- j\j o"< "Li 1 nlr <L*_3ljJ1 
JlJLJ jjtj i L_Lj_Lc «L_j_ijL>J1 (_£3-^ (j-« I— Lljus IjlJLLa 2il (J_<i^tlij jjl * J^" i ■■ ) 

^j-^J ijL»_J1 JLo «bt_j_LLaj <d_t_il/l 4-a.uJa cl)1]i i g I Lea-ail J-slj ^C-ma^ /^J-C 4jl31jJ1 

jji^l 4_laj^ ^^ 4_u^L>J1 oj^J ^S '^L*' i>Lu^j LL2L_u ^L^ 1^1 oj_<-uVl 
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tlihjill ujojJI 

(jLa i Jijj-u 2I ' ■ . *"tl ^^3 *L>.j_>JI 4-aIa-U I (j-o -I ,'^.Atl JLjIj uj^laj LaJU£,j 
Jjal JU£. Ijla. 3j^j£ Lg2jJLt3 (J_jSj ' J^J '<^UJ ^ La cr'l - i '- i >' *£- s '-»iJ! l£5^ 
(^jj^. i<U <bL$J V J^Jo (^Jl (0 maJI Jjtj lilljj S^tijlij -5-al u»XI (^ i_3>Lli.l 
juljUll ■ la * ' a L! lj-laj tfJL^jfej jK o**K 11L 4_4^t^>> (j^AicJij-CLflajl ^j ■■^' (jJS-MjI 

. Jijj-uVI i_jjl!l (^3 
ro^s- ^!i Jj^j_u1 < 1 aj ^^^ '^^rj-* -5 J"*"° ^nS 4_il_I. 21 9 I LgaAIl JLilj r-LtJtj 2IJ 
(_, I r (J'j-J 2 d^-i I J-^-J _J-*J i4_aja» ( _ ;r aij (jl (_Ll3 i(j .1 «a ."ill (O^s- i^jLjij 
4_al ma VI Jijjj/^/I ' _i fllJI (^c Jjijj V (_gJJ!) CjJ->JI (3^1 (j-a SJljjlj 4-^1 ma 
jj-a (J-<ajl UL^- 5 * Ls" 4 -^' ■*$-*-« 2m ' uLljI ^jl ?c LgajJ I JL& jj-a * Q ^ ' a >a 'J-J-* ^nS 
^1 _ 1 c Lj^_3 Lj J_a ij-jLj j-jJ-i tj' (l^ -4-1 ' ' ' " q '"' L)~* **>-* ^La (-r^- 3 ' "** 
VI iijJ->JI ,_^3| TTjLi- 4jLoj (0-C.j 4_Lo i_iljIl3zLi j-olJLj if\ LtaAll ( _ ;r 3 j^L/-ii-a 
' 1 5-1 ^j_a 4-fll i u a /j 1 c J— 4J LaJU£. i^J-ajLJ ^litjjlj.t-a ^-^-^ 6^£ Ci^ a" < ul 1 jl 
. 4_La 3j>^£. V (_£JJ! J|jj taJI (^ ■ ta S 1 ■■ Vlj iJj-ujI 

6jt$dJI lld^Jt U^ftralt 

^jl j^)^- 4 - 1 * ■^9 JJJ 1 t— <-oj jSj-a ^—5 *Jij 3-Aj /J-l2jj ■■ *, I g I Lga3 J-ilj * ) J>- :> »J tl)i 

Cjjl>J cu> 1 Rotating Black Hole j I jj jjj-ul i ^"' 3JL>. ^ 5jIj-c. jii^l oj^ 
Stationary oulill jjj^Vl (_t2i!l 3JL^) 42jLJI 3JL»JI Jjl^j 3 ju jl>- j-jI^j 4J 
»l ■ v»All jljIj (jl Lis- . L$j oJjj^ La lil iSj-lIo j_lc. Ijj^jI jjljj (Black) Hole 

4_ljvLl!I (j-a jljjdl ^ijjj/2l 1 . liLdl ( _ ;r 3 ■ La S 1 ■■ lil iJjjLiJI jLajll (_paj »"j 1 .1 

^^-aJI dJUG «Lj-3 j-j^jj i» 1 a L3&I! f]S> Mill jj-o j^_>JLI jJJ-i *-^ : p , ■ 4-u1^**( < 11 2 1 

0j_Aj . J^j_u^1 ' t-ILul ^j^ il L^a-j» jj-a 4_lu3l>. ^__A ^-HJIj 4_uL^J^LJI 4_ijJL1 

j_Sj_U ( _ ;r 3 «_2j 1 LoLj^i juL>J,Ij 1O-1LJI jijjji^l ' _■"'' Li Sju^ill 4jj^L>JI 

«Ul3jI Jl^ i^jL«JI 4-Iaa. (jj^i ■" * ' '^' a -^'j L?' 4jL^-J(J1 (^ L^la ^^Ltjj LaLaj 

jljjjl jij-^al <_* 5_t-tl (j-SLIj • Jj_<-u2l ' . 1 S-lII ji'' ( _ ;r a j<s3 tijjL>JI ,_j£l ( _^ r a 
(<tiL$J)M-!! j«_Lu 4_u jL>JI ^£5^ cu>) d~jir-^L>. tjjSij L^Jjju jl 4-uLjj-^ 4 i->- <"■ 1 

« ^1j**k ii V 1 - Laa* JU£. d fll> t)S mi /^Lc. 

cl Ja_t_u « i^Jij I j *^ ?r~ m t ii 3 j I j * 1 1 a^7e_(J| 4_t-JLc i1 dJLLoJl cLi-Lc jl2Hj ia 

i-i!l j i"i (jr £ (jr-i i" ri ji ii (_gJJI J j-Sj i nt, I (^ »l infill JLjIj (jLa j<u (j-aj '^j'J- 3 
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( _ ;r lllj iSlSLgJI 4jjjl>JI (_faJLJI dJJj j-jjLj '..' ' ' "_i osLia p"j i ii jIjj> Jj-<-ul l_i-5j 
j-jia! jljjdl jijjj/21 ' . l2x!I ^jl\ J^tlilj .(jljjjJI <Lcj_<-u Ldij-uG ^a Ji>J 

■ La S i ■■ * (_£ JJ1 f\ ua-dj| JLilj jLa-LujL3e_a (C^>> (j-« * 1 J-^ J (js^-jl ^l-JJ lP-^'Jt!-"" 3 

Ja • ■■j" " jl j j « -^ tl jljJ-JI jijj^iVI i_Jii!l ^ <d <iiJ^=j U La}L>. i4JL>-l j 
4_cSLIj iCjj->JI ,_jai ^j^ 4iL>.j (Jlj-Ia SLpJI jija (^i^. w S jj jl =USLxj i(«j*->JI 

J_a> ,<tJ iliJUm-j (_£JJI L«.a .(j^-jLjJI («JL«JI (^Jl Ji^jij jl IjLiI »jU*.,.,_. ^ 
Cjj_4-! jl Lcj^j. Cjj_4j w " a. ol_>uVI J_lj>-j <_a^LJLll (Jj>.l J) JJJLJ J La-J 

. S«L>.^t_uIJ La 
sj-^JI jjj-aJa 13 ui frjJI w glla (^Jl ^£.jG i3ifL-uVl aJJt (^Lc 5-iU.VI jl 
dJJj) ,j^o (j-iLc JL9 tj>SLj "^JJ-»JI (3^' J^>" sLUiiJI JljIj SJU-j <j-a JjVl 

<_i SfLil (^a 4ajL^j jls jjSLj i_£JJIj iSpacetime (jLSLtlj <j-oj-!l <j-u (Ji-ljCJI 
jju ijIjjJI jijj-uVI <_Jiill 3JLv ^ (jSLIj . LuLj^ JljL>JUj ouLUI jijj-uVI 

i_Laj>. JU£. 4Ji]_>Jl 4_j_t-aLk. » i^_t-a f-JI- 5 lJlulj x_ajul JL9 r* ' LgaAlt JLilj (J3^-> (jl 

3j_a (jl£LLIj (j-ojJ! I jj'a (Ji.ljGj OtjO- ">JUJL>. cLalaJLq ( _ ;r a ■ La a ■ uj isljJu-uVI 
. <3_j_]Lj 3j— « d "j - ' " t -^- :>0 P LgaAll Js^jljj aLc^I (_JI (j-«JJl JjajCuj i(_£jj>.t 

(jLSLo ^l j>Lc j S a iyl j « i^aJI » 1 1 a a 1 1 jolj ^ ■■ a "j jia 3JL»-jJi.l ojut (^aj 

.CjIjLi Jia 4j£.Lla Oj£^> J- ^"' cLajis. ^^a (jSLIj i(jj-ulaj| («JL«JI d j uiJ 

jji.1 (jj^ 1 a * ' "*"" f^ljJI ij-3 (j-* 'Cja^J! dili (^a L^ii-j ^,111 2 S La ' 1 1 a 

(Jl caJ VI sUSLxjj (Jj i Jijjj/^/l ' . lSuJI j^J-° (iH 1 -sL»jjVI » -uaj i uj (j 2 1 J-Aj i LaLxj 

4_S-La_m J^L>. (j_o t_ijij_^JI JjLaj jia 4JI (Jj i4j<-o IjU^ . .. (jjjdl £LjLSaj_i 
(^a 4-ii^. t_ij>.j 5JjL>J,l ojl^j j»La I jl 4_iSLIj 1 1 g-ia ■ La S i uj 3." " cr-^' £ ^i>*-" 
' ' ailj&jq o_^ Ly^ d>^^-i g ^- 1 ' ' ,,a t^)- 3 '^*- ^-)l^ d 5 La ' ^ jj^Li. j«aL_uj (jt i3t_a1jJI 

-I Ltaa JjIj (jl i^l .j<uJ-iII 4Jj£ ^jl\ Sj^jlII Ijui * j'' - '" 1 ' "J <j^ ij_3^*" ^-*^-° w 3 
(Ji-I jJI (jJI J-aj-4 ij J j'HI jljjJI Jjj-uVI i_t2l!l cUyi-J ^J^x^i JxalmXI 
Hjl£LLIj (j^sjJJ Sj^LjlII (_^aljjJLl ( _ > iajiLc. t_u^C (jlSLo (^1 4_Loj ij^jJil 'Lp-LJ 

(jl Loj ..j^i-l jj-^j , --I . '--. a tl j_j|j_J i_ajJi_LI jjSLII :(ji-i3SLi J ■ ->"■ a 4_iSLIj 

jl (-_*-o£. La Lot i I JL)) 4_ut Sjlajul » j'^**' ' " > ^ C^* i ^- J 3^ ^ I Laa-AJI JLllj ^J^J 

.4ic 42jaj> 3j£La «Lal«JI ,_jjJ u-ujia j^-VI jjSLtl I jut ^ ojusj 
m?" (_, I r (_gjJLa_j (t_i) jj>. VI jjSLII jl i»l nUII jn»i i£j-i^ \JJt j-oj 
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j^JJ «l_Ua_oJI jljIj (3j-^ J-^j -(0 Jj^' u>^-" er-^ Aj-^J "^ (JjL«j9 jijj-uI 

d iS o j i ii ji-V! Jiaj-u^l ' . l2-UI ( _ ;r 3 Jaa_S i nj| (jl JUlUjj i(l) 4Jj£ ^1 SjiajiJI 
j_aj d '"^i Jlj^_j I ajULc d Ila d-i^tj La (jLc.j-<_u (jSJj * ^-^J-^- 3-^"^ ' (J~* 
JtjJU>. (ja^ Ly-^l f*- 1 CD ■*$-*-« 2h ' t-S-JI jSj-a (j_a ij-t-a 2l ^ ila 3j^_t-a (J^Ln. 

Jsoj_ul ' '^" (-r^ Luaj] (_^oa^s_] 4_c£jj (* )) i(t) (j-UaSJl £>c i ^ LJ -» * (_>.) j^>-l 

(j_a Lufcl j> 4j^L>.j (_J3 j a" i n i (jl ' g I LgaAII JLilj * .J au i ■■ ] L\\ ifrj . (JjLa_a J'J-i 

. (I) ^Lus^l 4Jo£ (^Jl SjiajJI (j-a I jul (jSLaJb <jJ 4_cSLIj 'j^>-T c^l o_£ 

(_£JJI r-l JaAll jil ma (J*J>o V d"ji^L>. (jL9 iOjLUI J)jjj/^I <_JjUI Lai 

(^1 I (j j'"i Jj- ju La J^ jj ,> ' "" ' " I a '^ t? • • j-*- >j cup Ov L^^ '^ ' ^ j <3j 

jlJsoJljj . Sjljjul (j_a jjajvl cQjLijI f.) Jja-uJl * «j a • ' I (jl tc-usIjjI (j-a J . aJIC 

. SjljJ) &)J)fl-uij| * «j Sj j I -n a * rt L)3^ L)' »' aUTI 

j^l i, ill diljj ijjlIII Lgliiej (jlII ,_£j^Vl oLvLill (j-a jljjjlII tiJLLitj 

(jl Lai ijlj-i JlJJ-ul i_i-2j (Ji-!j> Jiu>iJ! saj-u 4jl3jI JL3 (j_J^J Uj 1 -^' stLuaiJI ( _ ;r 3 
.(j_aj_11 (_J3 «LL>.j_l aLloU 4_t-ajJ3 cLaLat (jaSj z^^* /j i '^>V' «ba£ /TjL>. *JL 
(jSLIj J)jj-u^l l_j£JI J_a^. JJJLJ (^JJI jl Jil,l J^v (_£jj1j> (ji>^ Cr^ j'""' '"^ 
-I Lta-aJ I J-jIj <-, i i ii Sj ijjjJ,I J^>- 4jjjlj) 'LLs.j JS^j ijl-Uia oL>o! ( _ ;r 3 
(jj 4JL^ i(JL>J1 4jt_j_ilajJ . J)aa_u 2l ■ uO-u\ (j'JJ-i ^-a <- i i uLlU (j_ajJl (j_a ljl J_S_a 
(j-a IjLjI (jj\_allj (jj 4_il LLLLa td 1 1 nS (^JJI (j_ajjl 1 JLA aJL^-" i u i (jl * .J au i ■■ i 
.jj>.| (^yJI (jaS (j-a J S" M (Jl^ji ii (Jj ijjl i^al sGoS (^1 Sj>^j(Jl 
lil VI (tutJ V ^-ajJ! (ji 3i^->!! (jL9 hj^'mimV Sjjin'itl 4jjJaJ uma-j 
i>JUb (_3 (jS-Jj t(Jj~y**( i n a IjLAj r* J ' ea J I *Lcj-<_u (j-a j-^ I jJ3 L_ul 1 «LCjj_u O-JlS 
I J_A I ui ijij i r j ' a 1 1 «Lcj_<ji (j^. (J^j 5x.j_<jij (jSLa-a jJumI] (jl J-so 5JL>JI 

jjaljjl (jij . jljjdl j)jjj,Vl (_t2lll (Ji-lj) -I .*M 3_ujJiJI a.jjUtl dJju <■ i j i ii i 

(jj-La-La (_p (jAaLu L^J2 i»l nUlt ljU>- =L^CJ-a (j^jjl ^^ Cj^L».jJI oJUfc (jl 

.(ja£LII Ijufc ^ 

» )i^>* lLILlA (j_u_jJJ ljL>. 3j-iJt_a i(jVI (-y^>* O 1 ii^aj (JlIi 4J_u_u2l (JS (jl 

(jjjjej Cjjjj ji LJj-iSLflj SijjJaS i(JJ9^?l (jlr j i>iL>JI OJS^J! u£ I ggic JLiS"! 
JUj_i V Lii I jl I * a 3 j a j-J-«-i (jV Lu 4j>.L>- Vj iCjVLaJo^VI aJJt Jiua JUtxi 1 n" 

.j i>iL>JI w *j;^^ LilLc -i j^'» (jl VI 

34S 






^Ijl CjJL>.t (j-«J • d tJa rt ' * '' fiLujSJI j & I aiaj I ^j^» > j^ ' '■^"'' 4_lusLjj roLajj 

. )l j-uiVI M_a jxu oJb J-] i 1 tj mi <$ulC (JiojSjjlj z t Ja^j5E_a >j >. I tjaS (j_a 
(j-C ij^l (jj^ (j-II J ?"i m jljJ) J>jj-uI 1 1 ?" (Ji-1 J> lJr £ ^_j ri~ -» I (jylll 3j>LI.L3 
(j-SjCLo J*\ ui (^ tiJLut (jpjJjj iWormhole (j-J^SLtl (j^JJLi ^ o . nj La (jj^la 
q<&<? jj* ,pa.uVI <_Jsillj White Hole ^j^j;^ i. . ?°ill j<u-u! djlr j I taj (_^Jj£ 
' JLul jSj-a ^Ji.! J> I ^ ' a il ' *-»-■- (Ji jJLljj 3_}Ltl ^—dlittj L qJ u - i ^ i Ji^j_o 2l ' (JLul 

(jJj^LII (J-iJJ! J}L>. *-3J-<j LjJLs iSingularity 3j_j_«_t.! d"ji^.L>. j\ j>jj_u^I 

^j^j )] ' 1 flj /JS i"i 1 jj>.V1 ^jjSJI i _b-L_all^t_a /pi i"i i-m^jj>. i 3j-a J)" i i" I 

jJL$ . L$-La 4JLUa_La tj^^j >-a_ij M- 3 ' tJJLHJ i ( t — 1 'jj'3^0 f*^-?-'^' ^* ' '"I ^j^* ' 
*_Lu L^JG ^jl (-j^>* ' j"' ^J a J (j^ 3 '**' ^> 1 JJ-»J A^?c-iji £1 1 Mil ^j^* I (jl I J ^ 3- * 

ojut (jLa I jut «_ oj i L^J 4_p- 1 .^-.11 3j_>J,l (jJlj (j^j 3jLa (^i^- ju>-!j (^l^^. 

»l <i I r <_>i-«-J Mjij JJ3J 2^1 Ull jj^i 3JjtJLa Sj-i'C j 1 ■ -" 4jj*LJI CjIjjIjSLII 
^—J! j j 1^"" ^jl £jS~q— l £ ^L_j_u3 J-S^l Lai i«ujl_A CjljL?e_a ^—1! jj^tlij »l j <<•* 

. Dwarf Galaxies (»!j^f CjIjj=j5 

iiUuLA ijM2j ^j 1 la *" J J01 1 11 it! BjUJLtfu 05^ ^ T**' ™ C~*"^ 3j>i-JLLd - 1 ' '-^ ■ ' i )^_jj 

Aj^aJjl a\ j i"ii juLJ (_^-i-JI 4_Ua_ol_«JI 5JaLtaJI 4-LSLutX Jj^« a j j i njj I JUtj 

(>_j^Li jju ^^ (^jtj LlJI J^aj mjjJI jLjjJI JoLAill dUJu i^ljJIjSLII) 

J^Qil i/a^jLajl j_uaL->J! Cj^^J! ^^ diiill <^l nlr «_iLljj .4_ojjiaJ! dilji i ntl 
Ojut aJX Jl^J i3jUJU>. CjljjajJ 3j>VjJ CjLajJLo ^jJt CjljjI^SDI iJlulS I j)l Lx-a 
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I jj'*» A^*_Lll (j-o j_uSLII jLa iCjIj^JLLi j-«-*JI ajl2j I <iK 4Jl (^^l^lLal 3j£LiI! 

Sj—^JU 3l^a_) jlj . }>j \ * ts> *1ji^j_u * «j SjS I g alt3> f- a]j rcj tir j mJj jj lajj JL9 

.^_0_U IJ-jtJJ JSJJ-UI I LdJ 7C ■ ' *"»" JL9 J-Ojul ^-3 a ) 5jJ LoJ_t£. 

CjL1jJ^>JI a I ■ ' La "^ 3^*_lj_l^ 2 al LaJI Jj I La '■" LoJU£. pi < uiVI (j-o I »jlag 
Ja_uj2(l ' lJLuj Jl)J_>JI (3-^1 (--3 «L»olj.3 ^J S i"i l ,L>.jG (^-Aj ^J^* ' ' ' J ' *"** I 
j^j-o ^—b ^JjtnJu ^a-o_b _^oj_u1 I loj «Lo3 jl ^1 oU II ^j^** > 7-jHB1 jJLl ,jj . /JjL^jI 
-j VI /^>- '— ^jlj-*-* J-^-l^-*-* ^ >> (-jJ| -iQ-u* 2 1 ' lAxjI ^j < a * ji Jjljj i Luj^e-o 
3jVj 4_<loX. fUJJ U^J. ' ■ ' *"'^ J"*" U5^' Cr^ ' "-^ "-^ (J^"-*-" C"^ SjLLI (jp-J-<J 
.cLJLju (_L->. (jJLjJI VI Ltj_ol (j-o ("S^Li-J V *JLjJL>. 

jii^^jj... 

* laJLJlj 1 ^"^N c J t » 1 -^3-t-u-J I ' *j Sj 1 1 5>SLaj >-q1 7t— LtJa^j ro_iJ_iaj ^j^-^-i lt^J 
r-Jij-«_LJ1 1 J_A 4-oLsL] tiliill g.1 <j\c Qja ^JX. aLs i4_uj£LJ1 i j\Ju^\j *l_Ua_iJ1 

.(5I-JS1A) 



j_2^ sLUiill Lol i=Q*a j_c£. -il-sj^ <j-°j-" o' ?• '^*~j 'jj^j-t' J'C i~itl (j-o 

w I c 4_LjLo *j La a. ( _ ;r ^ (jr i.cl (^l tiJj^eILj£ .-J i^aJI Lol (.^-S^l J^ '"'.' 7 t - t ' a J 
J^Ja (jic jIUT.'a r j , '^ 1 1 5x.j_<j, (j_a J^i dJj^tU (jyl!! «Lui/VI Lai 45 <L*-J-} 

.(-j-uljJI ^^"1 1 ii tl (—11 » JJ^' 5aJia3> 

4^U- JlIc (Jj^iJ! LJaj>JLa ir-ij^jJI qm JiLaXI j-ii: >j^>JI (_jJI Vjf jJiif 
(^LILa A^_>tj 4x.^-<5J3E-a jl («->tj) 3jL^_Ui »u mi 2l ■- La i ■■ (Jj-4-1 4llIaJ I ^ 5 La ' 1 1 
(^-3 5^xj^ 45JI ilaj. 343 CjOj>JI (J^t Lol iJijjj/VI t_i2l!l lJsJJj OuL^ ^pJI 
. ^ 1 Jioj-u j I i 1 11 1 /JS mi 1 (CJ-to -iaj-u ^t I ' i-fl-Lj I \S ya a 4 /cj-uiJ 1 

JiU-i^ J-Lta-L! *j-^JI L-ol ^LUiill plj^ J1«j3 Jlt^ll j_j£ 0-^1 Lol 

i J-LLaX I sj^J! 4^JiJ I •-.^-»'a lilj . Jijj^/Vl c-t2i!l lJsJJjJ jL^Jl mJJJI &(_, Mill 

' (JLlU 3ij—o 5j^ tr) i^j-j tiJLjLb ij^>*l l)3^ 4_jI^ojS j^oj_o21 ' uojj] LJ j_^iaj 

(_3 «L»_u3j_o l_o_AJL>-t jLJjLx (jLobl Jl>.jj LoS t4-3e-Axtaj| jLt_uj ty\£- Jijj-u^I 
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jjajLj! (j ■■ a i <j_a ^jUJl>. jl ^jLJ^Sj - r ' t^fl LaLLaJjQ ^—3 J^>>JJ L^jLSj jJLuj 
(Jjusjj 4jI£j jJU_iB i^^SLJI J^AlJl ^ <a i nil Ja_>J1 Lot .Jjui^ 2I <j_« J^ TTjLi- 
dJJLjJa (3-cuJ (j I LiJUSL^-i 4-i I i Llcsj I 77 J>j-<a-i-J I 1 J-A jj-a > 4 3 * cT^3^-J ' Cf^ "-* 

JLjj-j (jl lLLjAc. c_t^t_j 4_j 2 4-Ltse-Luija dJL>.jJl £JLA (J4j*J ijJJU z -ij-J-ul ' ' Sj 
^^ySLJj i45 - U-^ t^jJ^- r J ' ^ J I j-^Lj-uj 77 Jj_<j_J1 (jr&S tfia^JaJl 4^.j-*_u (jx. L±Ll£,j-<_u 
j— a I a_A J frfi-tJaJ 1 (j_a p j_ uj 1 j-3 Lui3 (j I c_<^fc-J < ^-J^SJ 1 J)^ I < 1 5-) (j-* Jj2_u 

' t-5-ul (jl J-^J i/7 Jj-<j-lJi (j-« gLua^Lj&Tn-ul J^La-i ^j^p-* J-^' f-ty^ tiJLtAj 

-(_gJU>- (JS uu »l l^aj-ul i_sajs!ijl OjUt i(j-\Jjiii!l (j-Co-LJI (j-a JJLC JLs-i JL9J 
4-A^eaj CjljjI^aSJu (j U" 1 La_i3j-(j2l (r^>* M-uJaljJi^l r-iiLaj Jsj^?E_a L$j| (Q-^j-J 

(jl tiU!i j J_>JI 4_jLi_! fil Lga-j-xJI * «j 5-i II /jj-IJ J '" cj' *— t - tJ L>~J i4_t-aL>- 

4_i£jj i I ^^'^ I 1 11 n 3-Aj 0j»j-a JU (_1! /j-u 1 11 ^La (j&Slu (jl La * JjjjjVI ' l*Ll!I 

. JjVI ^jJI j ?~i 1 uj dilj JLtJ 

Iji^vjjj (jL^ibl ju ^Ls-jijjj/VI t_t2iil (j-i-ojJI ^..<»tl-^x_._,Vl t__<_HlLJ 1 Lai 

*j' se a 'I '"''^^1 tl^- 1 * LaJU£.j 4 Liilie rt £jl£ «USJj i^j^SJl ( 3-'- > * ^l^- 1 *JLLq 
jj 1 aJ L^J (jSLx-i ^LSjjJa lLj i iuI (jl .3jJL»jj J-^- ^liLajl (_y3 S^LLI sLLo jj-J-ij 

(jjj^La j-^ , U , ,.jtl ^^ La (jl£Lo ^3 Lul i (Sj^»- 1". p j^>-) <i j hm 4JI jj» (jjSLII 
.Sj^cjiJI ( -5 i^-i j^ 6 - 1 (j-°j-" ijLsolj iSj^ajiJI ijjla i_al^>. Sjjj (jj-^- 

JJij i(t_ i) =LuLi 3j-^=-o tiJLut (jlj (l) 3j_>J,l ( _ ;r 3 j'hi 1 Lul I i 1 'r-ij-3 ^ia 

I (j i a Ji JLitjjJ (Jj-^l 3j-^-° C^i U^ ""** Cr^*" 0^> ::t -" iJHJ-? 1 ^' (jLjLt 
. (jlS-LL) ^j-ajJI jL^tlj ti^>- 52 /JS uJI jj-a 7c Lgalb LaS 4 LSjj-Ls 

( Lua^ (_ya S^Lal! ,^>.LiI.I jj^l^ill jj-iJ (jl LJ (j-ixJ (_^-!j • JiJ-<-ul ' ■ ' n" j_Li- 1 -1 
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. 53 (JSL«li ( _ ;r a Lo •*■ • -^jt JjjL^JI mj-^Ij-^VI r-Jj^JJI I jut (j n'Ct ii ii LiJLa 
r"Js^-G_L]l I jufc jj_« ?c * gaj 'j i^jljij-L^JI d 1 1 iii jjjj^SLjlLI 5j^s- Mill P Jo. r-jj^_4-i jl 
(jj-i c^aj (^J! 4j Ji^~ih iJIjj^JI I jut ^j-Ia Jo-t (^a (I) Sj^J.1 5jo.j jl 

. jjSUI ^yfl ijP^"" Ur^J iSLai (t_ i) 3j_>JU 4_i£ 

^LUt, «*jJI sktif 5j-Si 

j^jjul -i^>-J /^ V| iiyJJua «U (j-oJ-I ji^JVljj ^lj-ua 2U ^j-tji i n~wV1 (jl LiS 

c^jLs lj>l VI ( _ ;r j_«_a *ul (j-u-jJ '(j-°j-II J3j^i uvLuo-VI (jLa i_dJ,Jo ■ 3j ■ ^ 1 1 

JU9 iijJ_>JI IjUA (jl (Jj_2_II » gLaj ' "' jU)JUi£.j .0J-L4-! 4_<JLuLa iijljL>.| <jJLL& 
.(J-J-S-J i ii U (_j_fl CjJUa_J JUS 0j_j£.j} ijVI CjJUreJ tiJIj) (jlj i^yjuoLU (^yfl *J3j 
t(j»ojJl jj)j_4_i l_Lj_Jl j-^-^j m£ Jul ^_A t/J^S-Lui rt J j-UaL>.J j^paLo jj ' ^" _}j^e_«J 
(j_« L_i_ljj»j (jfl S> II t^J-J ' q S Lal_4J i4_*_]LLLa Cjl JL>.| jj_« <— ^J-J 3-^ Lg-llSfl 

. 4_il_tia£ ^-5 -n laj *" «bj loin a ij^>- I 
(jlj Ullj^tlj (jjSLtl (_y^ Lo J£j i4jjI jjl jjSLJI ^J-^ Ur^ J -*-" > ^ (j-°>"j5 
«^o lilj-st-u; <Lit VI .liLI 3 j in ;tL Lijslj La ^V iSi jlfT IjLa . LuLi LU IjU 

. jij-^jJ! J-jJj) 4£j^>JI (jLa I JugJj i(j>SLII ^ j^>.I f^yAJ 2 .ninth <_P=jV! 
(_g^>JI <_a^L«Jlj (_p3jVlj oLcU i"iVlj dil nj i ii~>1Ij 3j jdlj ijlIjlkjj jLjuVLa 

,LS . (Cj1j_>JJ Cj Lc^-<5j?E_a) Ulih^aSJlj CjIj-^JUj a^eJjIj ^j ■■ o uiJI g j o Q-ll J 
«L*_a ,j_Ott-i q\ Ju ^L3 ii-djj^Iu »/j mi ^JS a I J) Loj .^j-jju 4 1 1 nil u eilj^tlj ^^--ilo 

t_gj i nj i_£J-!l 'LJ-oj O' Cr^*^ UJ^ 3 ' "J-*-^ D^ 'Pj-^'J ( -^J- >,J u*" (Jjl £ *-'- j 
d A r. -»- rt (Cvi.1 4_Lajl jl ^jj>.1 CjISjj>. jj-* 4jd3. LI dim itLi AJsa-U 4_»_a 

LiJV liilj 'up mi .it I (jjkJJI LglSjtj V juj Sjjji: Sjtjli j-aVI *2lj j^a ojut 

4-L-I-5— lj La J JUS ^^ I C j^_aVI J^ ^j-u-lj-j ^^pDjVI c-ti^S /^Lc. LuLjIuj «bt_j_LLaj 
j i aj " V i(jrt" ''"''J* 3-oL«JI d j.i i ii ill 5jjJki!l (jl )«J3ljJlj .Sjj^sLSJI l_Luul^>. 

»(j Ml II <LCJ_<-U (_, I f J_9_L«J Mjjdl 1(j l>ijVl Lllojj 2jl>ijVl LuljO-l My^. 

jLa I JujJj . JSJ^ p j i >ijJ, I /yJLtJ V Sj i^>La tb^iaj oJLCI oJjls^Jj ,<ia\l U'.lj 

r-LoJul 5^£u3 jji itjjaqjVlj J)jjj/VI • . l5-JI j_al^IaJ LlLlL>o mj-3 Lui LLujij Lo 
pl_i3jVlj ^j-kJIj Jj La II) 3-fcjjVI jU-jVLj J-aUli LuV i(jlSUI j (j-aj-II 

jj^ 3j_uSL!l (JjSDI jl^aj Mj-^-y »l ■ v»^ll jl 3j£La j ■ La i LuV I i^ajlj '((j-°j-"j5 
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jLL! ro^*-iJI sj 1^3 i_aljL»J! _jjk Curvature i_jjuxjJI I jut jijLIJ ^jus-Ij) 3jUI 
. ((j I. g Milt (jKtl i_fljin<tl «LSl <L^Lik: «j jlsj ij»>>JI 5-ab- ^yic 
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pi in 1 1 II u^OjJI 




Sjjj_oI ' ^" (^^ J_a> t (l275 ,j^ r- (j) ^ La ulIJI ^j^-a-umJI oj-=*X\ : (50) jSLti 




^jjla (V^J a j 1. 1 aj*_<JI <LalalXI (Jj-fl-i? 'O^J 



1^ ^yJ^SLII Jj^'tlj jjj.o^l i_j_SjJI :(5 l)jSLi 
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d^gjuJI u-iji&JIg 09^*" 



c^jJI 




5j-==^i £_Jl=- £ Jj-»J : (S2)JSLi 




JIjij^JI £JjxJ :(53)J£_i 
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aIjJsVI :3_i_«_^JJ| tiAr>JI ,j_a flj-J? 5Jj>Lj J-^-JJ 

fQJ5E-(jlj . frl-Sfl ' "H < l&AXJt a (jjljjj^jjjl A^OJ frl Lca-i-Lj| 

Sal Lai! 3_d ill i5_)»aJI 43^1*1 Li3 . ^ay," LajJii Cj^cj 
(j I a-l jJl («-^*-<JI . U i . V. (_yic 2 tVal -> ^It 2jjjj .'^tl 
i " ' I 5-j-LaJ I JJLj 0-30 jLl^jVI jj-o ^S^ (j * '-' L? 1 -^' 
(jjj-jj-jjjl aj^oj «Liia-Li!l aI^JS^I Lai . 4_jj>- j L>J I 
(j-oj (_gjlj_>JI JaJi LaJl (j-o z JL> i ( _ ;r LL>o i La « i a I jj"' a 
(jl i_3j|jjII (jjaj -jU- 2 L)l U9- 5 4>P 0' Wo^- ' f" 
(«JL«JI fjjs 3ji^>.j^ (jj^j^jjJI ajjoj «LUa-Litl aIjJs^I 
aj^*_L£ 4_ljLjJIj 4_j_aL>. a^-x-& ^j^l ' w ^j^--ll 

. (Ciljl 1 11 n) fiLtiaju 

L^JLa-jij^.j LgJ ^L^ I j|-sljj in tl <_)jj&ll Lol 

3j-u3_LI a <j 1 nllj i 1 JL>. 4qVi^ ( A ^ J > J J „^ (Ih* lJlJLu 

^jij-b jl>. 3-^J iCjj_>JI (3-^1 3-A »1 j)^ i nil * *j Sj I ! 

(_3-3- j L>J I («JL«JI £j-C Jij_<j/2l ' . l21J| (Ji-l-i J 1 a flj 
CjJl_>o _i^_i_u2l ' t-S-UI j_Al^_Lbj . a_ia. ^ujjlj ^JjI 
j se 1 g./j mi Ja S-uiJ tiU-o-. iCjJL>Jl (3^1 7TjL>- LaLa-s 
jjj^ i4-jj_L| cLuiL>J| (_£jJ9 aJaiLi eatij Jijj-u^fl ' . lS-JI 
ajj*_JI ^j a « J j . LaLaJ iijJL>JI ,_j^l t_ijJa J-aJeTiJ 4JI 
a » i"il (j I Laj Jijjj/I LjJjj LtJU>.| (jjSLj JL9 4jvjJ>j_LI 

Lloj I -^j-u^l 4^.L>.jjI f«->tj (j\£ l-4-i jj L \Ly&>) ^ yy n 
<_ ij_Sii_ll Lol . Ij_a ji£p 5_j^2 2J.il i<tl ;^a iJjjjJ 

oLlj-a_3EJ 4j^*_a ( -5 -^ a ia_uj£L!l (J^J^'j "" I t^a-jjj) 

(j 11 j tj i«_SI^JI (jjs LjJ (jjjLvul V r- jLu jl 4-ul 1 ii-v 
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l^gjuJI ugj&llg 09SJI 

V jl •» J i aj JLS (^5^' (j-uJ^e-3 i Lj>klJ L-uJUs- VI I JUl ijj^j (jJ L^jl I JJt ^jlluz 

4_^3 Loj OJ^-" \jJt 4-Cjyj (_f JLo LJ ■» i *--"_' ajj J^ (j^J • Jut-II 4Ji-Li>. ■» • ■ <aj 

. gLil mi ^J^ JjJLiJI «Lo_kuLj ^j'm i*_)JU aLLu^ jlj-i_ut jj-* 

( ' ] Ji >-AI *c 5 m *» m litiif » 

4-ljI Lta-d II 4_i^j_LI Cjj-o 1979 (jljl) Q"J^ "j j '"■ ' " ' a "' * " (jr^,^ (^ 

) s 'a (_gj"i ui II <j-o Ltjl ma iJ Js 2 U^'i i_i^Jau Voyager 1 « I ,«J3j j-al mJU» 
. 5_Ja}LlU ^y.uiU (=.^i£ (>a (J-lo 1 72400) >L«>L£ 278 , 000 juu j^Lc c^\£ 
L^jL^ijlc cjJls^Ij <_dLL» £<.t_tiU juj Mitt pU miVI Jajo 5-i^jJ.I <-.<- 1 U*. , ,.lj 

j j i n" o-iL£ L#JI f-oj . . . sU ■ La j -» j Loj ojL*^Ij |_g^ILuiXI •» u , ,.t j j . ^. 1 1 1 aVl 

jl»_lII (^icj (icLJI /J^ 55,000) 3-cLJ! J& j^o ^L£ 104600 Icj-uj 

3j_lLoj M^e-Ualj 4_lJsIj_U 4-Lire-o ^1 C 1 1 1 s> j (jjJI ja-i*aJl C^jLi JL^S 4-JI jl uiXI 
J_Lc 4JLij^j ^£. (Lj^)jj') '^ja '" -Jj_j£.jIjj (j^l^^l jLSj ■■■J-ii^ Jl * - c^l 
i J& *LaCj Lujj jj-ujjj 3j_£.LtL LLaI^SIj LlA lJlSj Lul» j j ' a 1 1 tiJJj 3j_&Llu^3 

) 5 c j-S-fl (^J-ljj^S) ^jLcLi-o (Jjl-j l— *i .((CjLiLiJI ^>c uj t^aj ^J-SJj (jl 

j j i ■■ fl-j II 3j-^ IjL-A OJ-^-d -^^-d" : (J^ t -^ Cj-3jJI (j-o 5>J^ 4JL^J iUiutjJI 

1 o c d -^ 1 **' 3e rt (^jJsj d An-» ^ ^Ljj-iaj d A h -^ rt ^Lui_p i_l!LL& £)] . . .(JjJjujIj 

1 1 1 n"t (_g>LuiXlj 4jSLUii!l 4j^jJLI (j-u t_uj_i!l JLkjJI (^^Lc «LaiII j <i"n Jj 

I j~ i "I j > (^ «L«JL«JI (Jj u'ii ii (_^illj 4ji*r->jal =LLaj»J,l ij& u i njULLm Jj-r i n~tl 

. zl^Ja CjIj i < n 
(_JSj SjUJLC LJljJI j gljj ojLi^Ij (_gj!uiJkl (jl jj» si <iUII 4Ja3«.V La (Jjlj 

<( I ^j j_al ...lit) <Lul L^jJI 4.^1.1 ^-j ^^> ^j Xa .' cJU: f ^ « j La 1 1 (ya ^lL^JI d^o ^_jLjSUI^ (I) 

CjLajUIJj ^ljLHII LU±i ^j ^« ' ^^rtL (jl I ijlr (-jvaJI ^jLiJl ^j*. jjja (jl LjjL>-a J^a ■ ^ j~ miI,I (_J) 

*sjui Ji«-jLJ jf 4_JIj cjUjU ^ J^ij^jl^j ji^ 1_« Jji£l Jl^^c_jLjSUI r>-*^ ^ ^"^ LsL>J] c-jLjSULi 

■ ulVC II (J^ja (^ «Lt£. ' lLalll ' ajqtSj La_a L&jjr j CjLajUl,! 
(jjjjLa) 19 JJl^. /qjLJ 4_L%_a (j_c 3ja_j*-Lja Jj be I 1 1 IjLji (__5 '"'I q j 1 ■ 1 1 A La » rt ju jijj jl (jjt-ia 

.(I979jljl 
t^jSJIj^j 
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6u0jI3 



OjL$J9l_s i^^HuiX) »1 oUU 1 JUj . tJji-JI dll!i <j_a 3_}JUlL« <J^LLbj CjL>.j_} (j-* 03^ 
(j-u-jJ jL<j_3 2l _}JlC £)! »L<iJjlJ1 - U^ V aj » ♦ 5> * • <a ^ 4_u_u-<j_il/ 4^.j_<ij?e«<s 4_)I£j 
«L»_jj1 O-iLS l_4_)jj J '"' c «G^l_J L-4-11J (J-J-S (J-* '-^JLH 1 -' L)^ Uj >ui£ (j - ^' 
<-_2j_*_jj (^_ji_JL>. 1 ^ A uuSl ^ p ^i-Il Cr^j) jL-^^1 OJJt qJ* 4_*Jjl J»iS1j . ,j-ifu£. 

Cj L_u JLC (j 1 j-J-C * \j-uuu2 Lop Lfcj LllC 1 (j l£La I JL>. £—11 3j_jjS 4 (_p=>j 2 I j-<a-aS 
£j£. i—klltitj dU!i ji^J '*-^* 5 jJL*_« jLiIs 2I GJJb (j I Cjj-^lbl <UJil l^AJI «USjJJ 

(j-C LajUljI J-Aj aXm-LJ IS pt La - ■■ q\ aj 4_illbt-a jL^cl CjIJ 1 ^^J^ ' ■■ A 
qj& 1 JL>. j-£& JJ-C a 1 1 i La 1 ga I jj-* J , - JlJ - 1 *-^ 0-<sj>»J / jt Hj1 ^-fl_>JL] (^J-* ^g >ILmX 1 
j" ui-Jl^ ^ (J-^J . 4-Li-u Q^jU L_aVT 4jujI tJJ-o ^ g U,,.tl dllJU dJjLlJI 

«LjJLlL« 4jj-j1^ CjulL>. L^j i_La_j_>»j «L<jJe_ua 3j-jjS ^LusJl^Ia s A3*. -i^j-J Ly^3 
(J-t-u^-Lt-u c_a1j^>. L^JlSj d_«_fljj-a CjI_SJ_>J1 OJUfc c_a1^>. jJLuj jSj-U SjL^ILaj 
£j-A «L)l_i L_jJjt I lv-j uj-Aj 3j &1 IaJI i>J_A g. LqjjlI 1 j 1 ■■ a >J . (JLt_>j1 <j_« 4jj-j1^ 
j-<j_SJ 1 ■»■ la ' ■■ i jc^t-ua ^j^J- 3 f* LLaj ij 1 jSj-a d >>sA-> '^ | 3j-i>J 1 Q^Sj (j I (J-<iIi->i-i 1 
3j1j_>J1 jj-a IjJL^ CjjJj 0_L^t_j 5j j 1 S O-jL^ ^LlajjVI 4^l_L3 ^jtj jIu_u_l1LS 
3_jJLiIU cjI_S1>. ^yj& «_5JJ1 l_AJU£. f.\\\ q\j ■* La 1 uJ| w ^«j ^JlII ^=-^' j^g'^ 

Juq_>ij (j I c.t-1-Li /Q_I «.LL1 ^j-SLJj (4_S>_j jj-b j-j*^>. 1 k-j 5 - ■■ ju^. ti_ijL^_i LiS) 
j_aj tj^**' uiXI (j-* Wj^ ^-j-Lj (^jlII i£) jiu_ajJL^ jLv jj-t-s ^j-II ^j-^- 5 '^li 

(J^ 2 1 (jJ-C <La^eaj ^j^SLa aj-cu-J IS (JILa «U I ^j-J (jl ^-j-ujJlj ^jlS JLj-^_jjL>. j-4-flJl 
VjJa L^jtla-S-j ^oJl 4jLfljjJLl c_a1j_>JLj z-^lA d Je-La ■■■ (jSLIj ( J-<a^cTLt 1 ) siLLl (j-« 
9c-La_ujJ .(_pDj 21 (rlc c J JLLeaJ I i ^ gjj co J*-^-»J (jH-^' 3j^ '" (j - * J-J JUul LJaj-Cj 
«_Llj 4-seJia-m J-4-C ^jl L4S aj-maJ IS »c La - ■■ jj-* J^i-^- 3 cJ^' J ^^ <: ^^ 4_1_i_4_i_] L>. 
, <Ju_u ^j^-iLa lJiJI ^JUlL) z j! jHui-U IS •*■ La - ■■ j-<i-C j«_jj 
1 jJaj Li j j j I v^SJJ j j LeaJ 1 jj-o JU JjlI 1 JL>. I j jj • <aj ! 1 5>^3>. I * ^**' 1 ■■" aJ j 

Ijla ^ JjoVI 5_^>. jjSLlj -3^1 u*a!\ 2uSj-L1 j-^sj-J 3 MnftL dJ1juT«u_U3^] 
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4jljj 2 1 jLaJSa! j^SI J I (_gl j-«-aJ! I ^jjj i axi j^j uagJI 3j^j>.| I j" i *-*j c JLjJLl 
4 s&Ia i -J . 0ij /— jI dJvJ- ) »3> I j 3-aJI 1 J_fl> (j^J |j I ?t LgaJI JL9j . . . j£j~ i mX\ (j-« Ljj^ 
jjlSjj 4jjJj g-ji U-qJI LLalaJ-j < " « I » gjj 1 1 j 4aL>J| Jjj j , ..llj ' ^1 Lea^JU (^i-° 
^L£ 50 £G_fl>j-3 J^a j-^yj I La in Jlj Lo (j^SLj (jl JjjIbtJ JSV! ^^l^. JLa-lj 
jjJLj jl) fl J fl r 3Jiljlj>. (.^-Lc J-^-j I JLAj (j^iiai 4jjjj *• Li i h (jl (jyi^. . Ij^-o 

. . . (ukaJLs «L_u_u (j^jj-a 100 J (j^_u_a 10 (j-\-J ■ 4-J L_j_J^ I Ij-jJ_jj 0j-«-£. »l gU tl 

(jl »l n I » II ) a " « Jj . . 4j i-l!jLu aLLijj'z ^Liia j\h\ j-fC •» U , ,.H ^a jjjljJj 
«Lj_L<j_c (jl— i * zJ_A (j_Ia_jj . . SjUJl^o 4jj-*j d .u o*~ (j£. «L*3J>.u ■- La 1 oj| «La^jtj 
(__5 pi * uj2\ d S La * rt (j_a *-jLJ JUJLilu (_cl_*_tlul ' d ■ -^-a ^J * d ] /clilJ 0JLfl> 4jjjl1J| 
("1 1 ■> 1 u JLJSj . . . fi5Lt.£Lll) 4 i uu j»lj^>- J^-<i (jlr tLdLaJLl I JLflij . . (_gj"i uiXI 
(j^o lLIj 400 , 000 J jLjj Lij I_Lj* pi » uiVI S^Ja 2 /■! .^ Atl 5-jfTj.LI 2j-£>.! 

lj\ ja-LcaJ I <j»a ?e_Uajl JL3j .. (^jJLJL>. L^jLiil&l (j^l jLoJs^l <j»a (J - ^ 4-tSUj) 
I 30 «LcLfljj1 ^-LjJ iij c_ tJj-C (JSLiIu LjJj-la Ju-4-a 4_i£LJj Ljj)>^ O-"^ J a-^JI 1 J-A 

* Lh-* 3^P ^^^ ^J-^J 'j-^ 3 3^P 
«L^L>. -ij^-J /y-& 4_ul_tiiiJ1 cLtS^JLl CjL_oJLC L^oIsc-uj Sj-ALLs <—ij-cl (J-*-Ij 
* La-l«J 1 (J j_oj j j Leal! j _ ? J j I (_J_lL>»j (j-* J * * (J^- j ^ L£ijfc-J d g-iJ u< j^gjTniu.1, 1 (J^>* 

j^^ t ^ , .."is 1 ^j CjLSJL>. «Lj JJ i U^' 3 ' (J^>>j t— tS^ (j I L3j)j_«_a (jlSj j j Lgal! Sjj^JLa 
r ' Lt3-aJI ^— ILi£j-a ^jt »_ aj . , (j-uj-i I j J I c_i£^S (Jj^^ <—)L2L>. -i^>-J 1977 aLc 
Jijj>.j ^L?e-i-uJ ^qJ 1 *)£ i| 2i 1 (^gjTufu-a-U Lre_Ljj_a (J^3 jj-* ^-^^^ ' I I J I j-jj^jj 
^-ILtSj—a 3jJ_S_a ^J-C j j ui-A3 (3^-4-) 3jUJL>J1 j j < <a 1 1 <d_i_uljj (j-*J .CjLSL>- 
^1 Lj in'i ^-a-j^j L^JI tiilii d nl-*J1 i>J_A L_al uu^l ^^ I I j 10 j^u^u -^ LkAJI 

. JL>. 1 J J^-° j-Lo /^J-C L^SLo-m tJ^j-J ^i 
_^ d Q_je_LgaJI «.1^_a-j>J1 ^ * 5 ■ II ^ j " Ja aJ| «Lt£jJLl CjL_uJlC Cjjj_u3 LaS 

. 4jlS_JI i>J_A j-uj rC-^3 ^^1^. p-LaJjul JLCLj_uj <J j j > <a 1 1 (2>^-Ij (^gjTnfu.1 1 
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6o>jli> 



400 ■ ~ i aj£ « I (O-Sj j_al mil)) 2 .lSI Lta-d II 5_j^j_LI 4l>.j ^ T ro-c-jj . oJL>. Lx-« 
»jU*.,„* ^l^i.Hf.j iaL«JI I jut j^ljl (^a iJIj'imiU (^Jl (2 /Oj j^l < .i 1.1) <LJLi!l 
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?I^9jwJI t-j^AoJIg qjjSJI 




fCpUuMX I t_*£a£ 
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. 1939 jjIj^s 14 (^a ijUjjJI j^« 2jjj j ^>; 3j_aLHI (^a jdj * 
aLc (_^ 3j_aLULi 3jSLjj_o^/I <L«-aL>JI <j-o jjIx^-UI Sj>-j^ ^^i^. J "^^ * 

.oljj^jdl 3JL^/j jj^UJI o^jJI ij& juuj 1972 
jJLl 4jlaL>JIj 3j_aLULi 5jSLjj_oVI 5j<-oL»JL] (jjijjjGJLi ^ii * 



4_i 



iM^ 



3Ia-uuJLI 5-l«1«JI CjVLUIj (j-JjJ! JLjiJI j^LLai <j-o JU JjJI <U j_<SiJ * 

aj I < j|j t_il^Vlj (jjJLaJI 3_jLcjJ ^Ir ^\ (j.il->J,l (j£, lioJLs. «U jJj^s * 
(jljijLj 4_ujj(JI 4JlLILi L^.J-i (j-o ' l ;' / " / ' a <t£.jjiJ*-o Jji i3j_aLiILi 4_i£.Lii>-V I 
.^jJ-lL^jVI sliDI ^1 I j~ i "^j" fUJ (» I l^lAI I (j_a 3'j-C-) 







(Wjjj' (J- 1 ! M 



ilj_o 3_ui I 1 j « i La _i_icf 
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